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SUMMARY

J’atigue tests have been conducted to &etermine the effect
of bolt fit upon the lifetime of lap joints of 245-T Alclad
sheet of various thicknesses joined by steel bolts and
designed for sheet failure under repeated loading.

. _ ._._

Tests have been run in tension-tension and in tension-
compression on specimens joined by one bolt and on specimens
jGined by several bolts having: f~r any one specimen, uniform
fit. Bolt fit has been varied frcm & “press fit” to s,
“slc~py fit.’) Other varie”oles.have been examfii~--lriefly
to determine their possible importance. --—— __..

....__

The most outstanding result is the relative unimportance
of bolt fit. It appears that bolt fit has no Pr”oEounced
influence on joint lifetime under unidirectional loading. “

‘ The direct fnfl~~ence of bolt fit on lifetime under ~ersed

loading also seems to he slight, While, from these tests,
bolt fit 13-0c15 not appear to influecce fatigue strength, it

. .
should be emphasized that locjse-fitting bGlts permit ‘-’
cbjoct$ccable slip and jGint deflection and are undesirabl–e,-

‘ “especially for joints under r’eversed loading.

‘*.

-.
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It has been observed that the use of two or more bolts
.---—

...,, : in ‘line with the load increases. the fatigue strength, but - .—

not in proportion to the number of bolts used. -—
—

It has been observed that, for a given bolt diameter ‘-
arad a given bolt pattern, the fatigue strength of bolted
lap joints does not increase in proportion to-lhe sheet
gage ysed. .:-.

—— -_
.. .-—
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!Chese conclusions should be lirnitei#, for mult ibolt “u”
speci~e~s, tQ cases where all bolts iR any spec inen have -
the same fit.

INTRODUCTION
. .

Data have been “repor”t&d-on t-he fatigue properties o~
steel plates joined by” s-l ri~sts ~~id on the properties
of sheets of light—matal alloys joined by a>umi.num-s.lloy
rivets. (See, for example, references 1 and 2.) Howaver,
little information is available concerning the fatigue
propertie~ of sheets of light-metal alloys joined by h~rd
13KE31 bolts”. This repcrt present~the results of an investiv
gation on the bshavior, under repeated ~oading, of bolted
lap ~olnts of 246—T AlcIaZ sheet materials.

n
—.-

The” tiain objectives of the i~ve”stigation have been to
find out to what extent t-he fatigue strength of bolted lap

8

joints is affected by such factors as: bolt fit, number and
arrangement of bolts, and shset gag- (f=r a given bolt
diameter). I!Fatigue st-ltength1’ here means the load sustained
to complate fract-ure at some Iifeiime under t-t?nsioti -tension
(at E=- minjmun/maximum load = +0.25”) or under tension—

0.50)0cornpressitin (at R = . .----

~hB” important factor of bolt fit has been ex”amiced by
testing otherw~se similar specimens with bolt holes of ““
different clearances. Nominel clearances of -0.COI, +0,002,
+G,C1O, and +0.0?5 inch have been used. It has been a m~,lor
objective to learn whet”her extremely close bolt fits are
needed to o%tain maximum life of bolt ~oint~ under repeated
etreseeci. -.

Szvzral ty~+?+s of bolt patterns hava been tegted; singls-
bolt specimens, spac”imens with two bolts in line wibh the
load, sp.~cim”ens with three bolts in line with the load,
specimens with a single row of thrse bolts, apeciaens with
two rows of three bolts each, and specimens with ttiree rowe
of t-hree “bolts ea,ch. In general, all bolts, in any .multi–
bolt joir.t, had the same fit. Nearly all te9t pieces were
joined with 3/&&inch-d.iameter steel bo~ts of aircraft
quality (AN6). !l?heunthreaded length of the bolti was such
that the bearing was on the smooth shank of the bolt. -.%-:

-.—

Specimens of 0.10?-, ana G.25G—inch sheet have been
tested botih at the Battelle Neaortal Institute and at the “e
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University ef Illinois and, thus, permit comparisonof
@ results obtained- on different machines and in different

la~oratories. Specimens of intermediate sheet thi’cknes.se&-
(0.125, 0.156, and 0.1137 in.) have been tected ~nly at the
Battelle Memorial Institute; while specimens of 0.J7~--inch ““””
sheet have been tested only at the University of Illinois.

--:>.
About 950 specimeng were used in the investigation.

The greatest number for any orie sheet gage was 490 for the
0.102-incli sheet. Fairly extensive tests were made” fo~ tw9

other ~heet g~ge~ (0.lf7 and Q.?75 in.), and fever tests ‘-- –.–-
for sheets cf the other thickness.

.-—.—
---<

This investigation, performed $ointly bY the Battelle
Memorial Institute and by the University of .Illinois, was

.

Gnonsored by, and conducted I.tith the f~nancial assist’:nce of,
the National Advisory Com~ittee for Aeronautics. -.

MATERIALS AND TEST KE’TEODS

Materials

Sheets of 24S-T Alclad, each ~ %y 12 feet, vere obtained
from the Aluminum Company of America. Table 1 gives same
measured mechanical properties of the sheet materials and
indicates that these were within standard values. In all ‘“”

-,

cases, pieces used for the %olted lap-joint test snecimens ““--
were cut in the direction of rolling.

For the most part, the bolts used vere hexagonal-headed
3/13-inch-diameter steel bolts of aircraft qzality (M6-6,
AIT6-7,ahd AN6-11). One lot (of AN6-11) had notably less
taper in the unthreaded shank (about 0.0002-in.
diameter to within.1/z2 in. of the bolt head), a::a;;:s;’n-” “ ‘“-”- ,

,-—— ...-

bolts were used rather extensively. Further details of
bolts used in special cases are given in the text.

—

—=

~e~t pieces ——

Figure 1 shows the specifications of the test sections
of specimens with various bolt patterns. Test pieces used
at both laboratories had identical test sections, and differed
only in $he len~th of the reduced section and ir. details of
grip ends. These details are described in the ammend-ix-es”. -

~

.
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Table 2 shows typical tolerances used in fitting the
bolts, The values quoted represent measurements on about
150 actual test pieces.

Bxcept in a few i,nst-arl~~s, specifically noted in t!he
text , the initial bolt torque was from 105 to 110 inch-
pounds on each bolt. This value is within the range
recommended for these bolts. (See reference 3.)

Table 3 gives va~ues of stai:ic-failure loads for teat
pieces of t-he type used in the fatigue tests. It Lay be

noted that:

1. There is no certain evidence of an effect of—bolt
—

— —.—
fit-upon static strength.

2* Increasing the number of bolte in the direction of %

loading increases the joint strength (up to
three bolts) but decreases the load per bolt.

The static–failure load for a given type of apeci”men
u

3“
increases with increasing sheet gage.

Figure 2 shows typical sheet failures of single-bolt specimens
broken in static tests. l!hese are simil~.r %0 “failures reported
for pin—bearing tests of aluminum-alloy sheets (reference 4),
Yigure 3 shows static failures of some multibc.lti specimens.

Machines and Testing Methods

Details of the te~ting machines and methods used in this
investigation are given in the appendixes, Only brief sum-
maries are included here.

Fatigue tests at the Bat+-elle Meaorial Institute were

made on .Krouse, Direct Repeated-Stress Maohines of two
capacities: (1) 4000-pound machikks running at 2500 cycJesl- ~“- “-
per minute, and (2) 10,OGCL-pound btichines running at 1200
cycles per minute (occasionally at 600 cpm). Loails were
corrected for dynamic inertial effects and were aet and
maintained to about- +3 percent.

-.

For the 0.102-inch sheet specimens tested at the Univer-.i
6ity of Zllinois, three Moore-Krotise tension-compression
machines were used, ~ach had a load capacity of 3200 pounds.

r

Some tests were run at 1000 cycles per minute, but most tests
at 600 cycles per minute.

●
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Two t.vpes of machines ~,ere used in the tests Of joints

in 0.250-inch sheet and joints in 0.375-inch sheet. One is
a direct-acting machine of 15,900-pound” capsicity and .w.as
operated at about 600 cycles per minute. The other, i~{.~ - ““‘--” ._
lever-type machine and ran at approximately 300 cycles per
minute. Special precautions vere taken to minimize flex.ure

—.

.“. of the test piece.
.- —

-T —,

Details of gripntng and loading specimens are also given
in the appendixes. There were no ~art”icular difficulties
concerned in tension-tension test. In reversed-l~ading
tests, precautions vere taken to minimize bending stresses
during tha compression yart of the c$cle. Two general
schemes were used:

-.—

1. All specimens of 0.102-inch sheet tested at the .
University of 131fnois were constrained from.

.

bending bV guid~ Tlates. I?ost of th~ 0.102-inch
-. ._—

sheet specimens, and some sredimens of thicker. _
gage, tested at the Battelle Yernorial Institute,
were similarly constrained..

-—
.——

2. Specimens of thicker sheet were generally tssted
with short unsupported lengths, or were “sunported
Iatera.lly with rods normal to s~ecimen and con-
taining a ~late fulcrum at e~ch e~d, as skown:in .-

—fignres 60 and 61.

The guide-relate method was adapted from that d.evelopqd at
the National Bureau of Standards [reference 5). Sore data,.

taken on ‘similar snecimens by both methods, agree within
the precisimn of testing. (See Apmendix 1.) -_

,,

FATIGUE TEST RESULTS FOR BOLTED LAP JCIIFTS

IIT T3131i)IRECTIONAL LOADII-G

Joints in 0.102-Inch Sheet

Tables 4, 5, 6, and 7 and figures 4 and 5 show the results
of fatigue tests (at R.= minimum load/maxiuum load = +C.-25) made
at the Battelle Memorial Institute on spec~meris of 0.102-i.nch
sheet. In particular, figure 4 shows, on a load-life diagram,

..

results of tests Qn single-bolt specimens arid “of--tests OP
● specimens with three bolts in the line of loading. l?iare-~

shows” results of tests on specimens with tvo bolts in the line
of. lotidihg and of tests on wide epecimens havine three bolts

* in a row transverse to the direction of loading.

,. —

.



.,?,rjs 8 .nnd.9 Five She results of tests at the Univer-
sity of’ il~~nols on single—bolt specimens, Tables 10 and
11 give reeults of tests, made at the U“uiversity of Illino~8 ,
on specimens having two bolts in the direction of loading
and on a few wiclc a,p@cin ens h%via~ three bolts in a row
tre.nsversz to the directi Ga of loading~ These data are
~lot ted oa lend”-iif~ diagrr,ms ‘in figure 6 (sing.lc-bolt epeci-
men~) nnd figure 7 (two,-bolfi specimens). Yhe few results
of tests on three—b~lt specimens h=ve not been ?Iott. ed;
these results confg.rn .clcsely to those obtained at the
13attoll”e lfcmori~l Znstitute. (See fig. 5.)

In each fi?ure, actual test values are in,dica.tied by .
points with different tiyrribolsto “designate different tel.t
fits. A i“ull--.l~ne cwave, drawn throuCh ea”ch set of points,
represents aa ‘jctwer”a~e” load-life curve for the cor respond--
ing type of j~iat, (?oc,parlson ai’ sircngt%” of joinis of
diiferent bolt patterns ~nd~ l~ter$ o? ~“oints in different-
thicknessos “Gf”sheet will be made from these average curves,

Within the scatter of point~ for any oce type of joint,
the results plotted in figures 4, 5, 5, and 7’ show ilt-tle

ov idwoe of aa t3ffect of bolt fit ~l”pcn fatigue .strexigth.

Figure 8 shows fatigue failurea for spe”ci~–ons of 0.102–
Inch sheet tested at the Battelle Memorial Institute. A
fatigue crack always started either at the edge of a bolt ---
hole (fig. 8A) or near E bolt hole in some re~~n showing
a3ras ion (fig% CE) due to the bolt head or washer prsssing
a~alnst t]l~ SheC~. These two types of failure aypea~ed
about equally “cften, and there eeome.d to be no ‘cotifela%~on

-— .-=

of lifetime. with the position of the lfi”ception of the
fatigue crack. F i?-~re 80 shows typical progression of
c?aslcs between bolt holes and fron bolt hole to edge of
speciv en. Similar fal,?.ure~ ware obtained in the ~ts
made at the University of Illinois.

‘Joints in 0.1~5-Inch Sheet and Joints in 0.156–Inch Sheet

Rt3sults of testa at R = +0. ?5 on 8DecimeLfl “of”-”0.T25-
?nc”~ sheet arc riven in tabl,es 12 and 13 and are plott=eii on
load-life diagrams in figure 9. Two specimen tyyes were
used: singl~bolt speeime~e and spacim ens having th~ee bolts
in thg line. of loading.

~&,bl~ 14 giv8s results and figure I.O shows a load--life
curve for sin-glo—bolt specimens of 0.156-inch sheet.

—

——

*

-..

..=
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.—

These results show no definits effect of varying the
‘bolt clearance from +0,002 tc +0,010 inch, Fatigue failures

were like those shown ( in fig.8) for speaimens of O,1OZ+
inch sheet.

—---——

—

Joints in 0.187’-Inch Sheet
, ...

Tables 15, 16, and 17 give the results of tests on
bolted joints of 0.187-inch sheet. F“igure 11 shows the .--.

results of teets on single—bolt joints. I’ieure 12 shows
~ results of tests on specinens having two bolts in the di-
rection of loading and of tests on wide specimens having a
transverse row of three bolts. The results indicate little
effect cf bolt fit upon fatigue strength, Failures were .
similar to thoss already described for thinner sheet.

Joints in G.250-Inch Sheet
w

Tables 18 and 19 and figure 13 show results of tests on

.-

lap ~oints of 0.250–inch sheet fast,ened by eingle bolts.
—.

It may be noted that the few v%lues obtained at the Battelle
Memoyial Institute show higher strength for lifetimes around
105 cycles than values obtained at the University of Illinois. ‘-
Careful examination of testing records gives no explanation,
and further tests would be neeii.ed to resolve tb.e”discrepaiiey:-” -—

----— ._

The two bolts fits used for the 0.?50-inch sheet caused
‘ no significant difference in fatigue strength. —_

Joints in 0.375–Inch Sheet —

Tables 20, ?1, 29, 23, and 24 and figures 14, 15, 16,
17, and 18 show results of fatigue tests at R = +0.2S
on specimens of ,0.3r~5—iach sheet having, respectivel~, one
bolt , two bolts in line with the load, three bolts in line . .
with the load, two transverse rows of three bolts each, and
three transverse rows of three bolts each. These results
indicate little evidence of an effect of bolt fit upon

.-

fatigue stren~th under unidirectional loading.

Figure8 19 and 20”sLIo~ typical fq,tigue failures of
-——

d bolted. jo%ncs of 0.375-inch sheet. Az~ fati-~e failures
were in the sheet (in contrast to some static failure %y

—

shearing bolts), and fatigue cracks started either at tb.e

4 edge of a bolt hole or” at a region, near a bolt hole, showing
evidence of abrasion b.v bolt head or washer .

--



8 NACA TN No. 1030 :-

11? REVERSED LOADING

Jcinta in 0.102-Inch Sheet

Table 25 given the results of tents at H = -0.50 made
at the Pattelle Hemcrial Institute on singl-bolt specimenE
of O.10>inch ehsoto Figure 22 abows these resu~ts on a
load—life diagram. Joints havi~ loosely fitting bolt~do
not a~pea? significantly stronger in these tests than joint~
with snugly fitting bolts. However , it should be noted that
there are rclativoly few point= in figure 21 for Joints with
locsely fitting bolts tested. at relatively high Ioe.i?values.
This reflect~ difficulties (disc~~sed in 2 later se~tlcn)
of running reversed-load tests cn jointm with locsely fitting
bolts.

,-
Tablea 26 an”d 27 and figuT8 22 show results of the

Battelle Memorial Instttii~e tests at R = -0.50 on specimens
with tfio bolts in line with the loa~ and Gn wide specimens
having a transverse row of three bolts.

.-..

Figures 23 and 24 are load—life dia~rams containing
result~ of tests at the University of Illinois on single-
‘col.tspecimens and on two-bolt s~-cimens. Data, fron which
these graphs are plotted, are given in tibles 2a anil ?!3.

.—

.,
—

—.

—

. a

6—
.-,

.—

--4

—

Ncna of the test results indicates any direct influence
of bolt fit upon fatigue strength at E = —0,50. In most

case~, however, “the absence of many points fur specimens with
l~osely fitting bolts is significa~~ of. indirec,t Influenco of
bolt fit. -—

—+

Fafiigue failures for specimens tested at ~ = -0450
-.

were generally simflar to those already” described for tests
at R = +0.25,

Joints in 0.l?5-Inch Sheet and Joints in 0.156-Inch Sheet
..-.

Tables 30 and 31 and figure 75 show results of tests on
single—:~olt spec-ime-ns of 0“.1~5-inch” -sheet mnd of 0.156—inch
sheet. These tests were Dade at the Ba!telle Memorial k

Institu:e.
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Joints in 0.187–Inch Sheet

Tables 32 and 33 give results of tests made at the
Battelle Memorial Institute Oa bolted joints of 0.187–inch
sheet. —

Figure 26 is a load-life diagram for single–bolt speci-
mens . Only specimens with tightly fitting bolts were able
to be tested at high loads (causing failure in less than
105 cycles). A few specimens with lbosely-”fi,tting bolts .—

were tested.at lcw ioada and showed no significant difference
in lifetimes under low loads. ..

—

Figure 27 shows results of tests on specimens having
two bolts in the line of loading. Note that several speci–
mens with bolt clearances of G.C5C inch were tested and
showed lifetimes as long as those for specimens with ~ood-

—

fitting bolts.

Limitations of the testing machines made it impracticable
to test specimens of 0.187—inch sheet with more-than two “--”

.—

bolts.
.

Joints in 0.25MInch Sheet

Table 34 and figure 28 Ehow results of fatigue tests
(at the Battelle Memorial Institute) at R = –0.50 oti
single–bolt specimens of 0.250-inch sheet. Only two bolt
fits were used: a ‘~fiightlt fit (0.000- to O.OO1—iiL ‘cnear- -==

l~drillll fit (+0.002—in,ante) and a clearance) , No differ–
ence in fatigue ~trengths resulted. —

Joints in 0.375-Inch Sheet ____

Tables 35, 36, 37,
R=

and 38 give results of tests at
0.50 made at the University of Illinois on kolX=—jolnis

of 0.375—inch sheet.

Figures 29, 30$ 31, and 32 show the results of tests on
specimens having~ respectively, two bolts in line with the ‘–
I?ad, three bolts in line with the load, two transverse rows
with three bolts in eachrow, and three transverse rows with
three bolts in each row. For each specimen type, press–fit
bolts (about O.001–in. press) were used. For one pattern
(three rows of three bolts each), specimens having bolt fits
of 0.025 inch also were tested. I?igure 32 indicates that

—.



.-.

I
I

these specimens with loosely fitting bolts were as strong
in fatigue as specimens with t-ightly fititing bolts.

_
130v-

ever, the absence of other tests with loosely fitting bolts
is si~nificant. Attempts to test specimens having two
bolts or three bolts (Types B and C, fig. 1) with llloose~i
fits were unsuccessful, Bolt slip caused difficulty in
maintaininfl the range of load and, in some cases, led to
failure of bolts.

.—

Fatigue failures for the tes~~ iqdicatid tn figures
29, 3C, 31, and 52 were all sheet failures and were like
t-hmse for unidirectional tests. (See ffgs. 8, 19, and 20.)

RESULTS OF AUXILIARY TESTS

The preceding sections of this “report contein the
experimental results of tests planned in the original pro-
gram of research. As the investigation proceeded, it
appeared desirable to make certain auxiliar~ tests. The
results of such additional experiments are given in this
section.

k.

.

S~me of the auxili.a~’y tests vere planned t- examine
very briefly possible effects of fzctcrs (such as we of
bolt, bolt torque, and %olt size) which had been intentionally .
held constant duri.n~ major portion of the investigation.
Other test= (fatfigue tests of unnotched and of notched
sheet naterial, measurements of friction in bolted lap
joints, -and measurements of bolt slip during fatigue test-
ing) sc)ught mora complete v.nderstaniiing of the fatigue
properties of bolted lap joints.

.-

.=

Each of these auxiliary testi=vas brief; so the
resulting data are sufficient only to outline nossible
trenfi.s. Neverthele~s, c9rtain OF the resuli3 3uggest

important limitations that- should””be kept– in mirid in
applying any conclusions from this investigation to prac-
tical aircraft design problems.

.7

Joints with Countersunk Bolts

The original program for this investigation included
several test= with countersunk steel bolts. However, it b

WO.S fcund difficult to obtain svch bolts with smooth shanks.
A very few, obtained through the courtesy of the. Curtiss-
Wright Oarporation, were used to make some single-bolt a
specimens of 0.lb6-inch sheet.
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Figure 33 indicates the types of specimens (with bolts
countersunk entirely through the top sheet so as to give
a flush surface, and with bolts countersunk half as deeply) ,
and shows the results of fatigue tests in unidirectional
loading (at R = +0.25). The tsst data are given aleo in “
table 39. These tests indicate that countersunk bolts
may produce joints considerably weaker in fatigue than
joints made with hexagonal–headed bolt~.

..._- ..=

Joints with Belts Drawn to High Initial Tor~ues .-

3’or all tests described so far, each bolt was initially
tightened by a torque wrench to 105 to 110 inch–pounds.
Several specimens assembled with higher belt torques have
been tested in fatigue to determine, briefly, -possible
effects on fatigue stren~thm

Saveral single-bolt specimens of 0.102-inch sheet
were assembled with 180 fnch-pound initial bolt tor~ue- ‘-
‘and tested in unidirectional loading (at R = +0.25) with
the following results:

Bolt clearance——— Load Lifel—. ,
l!30-iri.-lb Lifelof sim”ilaY--~imen
_ torque with. 10S—in.—lb %oraue

(in.) (lb) ( cycles~ ( oycles)

–0.001 to 0.000 2500 64,700 ~~,ooo to 120,000
...-— _

+.c@2 2500 94,10(3 70,.OCO to 160,000

+.G02 1150 1,638,100 700,CO0 to 1,600,000 ..

+.010 2900 41,000 40,000 to 100,000

+.025 2700 ‘77,1OO 60,C30 to 120,000

-1-.Q25 9!50 1,05’7,400 1,000,000 to 4,000,000 ,

lLife estimated from scatter bands of data given in table 4.

Thus , within the precision of teeting, there appeared to be
&

no effect of increasing the bolt toroue. ~{ea-surefi-ents~ des—
cribed later, showed the increased bolt tor~ti-e did increase
the static frictional force between the lapped sections,

●

.

.—



—

12 NACA TH NO. 1@30

In rev.ersed-iced tasting (at R = -0.50), higher tcrques
decreased difficulties of testing single-bolt specimens with
loosely fitting bolts. This fs illustrated in figure 34,
which shows data from table 40 and a load—life dia~ram.
Single--bolt (filo~ss flt{f) specimens could be run at succes-
sively hjgher maximum load values, provided higher initial
torques were tise2. Comparlscn with the curve in figure ?1

(showin~ high load Paluea for sp~cimens with tlg~t–fitti~g
bolts) shows no increase in lifetime due to the increased=
torque.

Joints with Iloltrs of Differenti-Diameters

The tests so f~r de@cribed have included specimens of
several shaet gages, but joined only by 3/3-inch-dismetir
bolts. Single-bolt spscimens cf 0.1~5-inch sbegt were made
using two ad-ditianal bolt sizes: (1) 7/16-inch-diame.tcr b~lts
machtnad from cold-rolled hexagonal steel bars, and (2) l/4–
inch-diameter commercially .har~ened st.ae.l.btita-. -Yhsse .-———
specinens were tested in ~atigue at R = +0.251 and the
reau.lhs are givgn in table 42 and indicated on the load—life
dias:ram of figure 36.

Feti”gu5 strength”s~””at R = +0.2!5 and at v~rl”ous lifet~mest
are te.hlated in tzble 42 in terms of D/t (ratio of diameter
of bolt to thickness of sheet)= From these few tests, it _
appears thiat the fatigu.s strength of a bolted lap joint variee
both with tha D/t ratio and with the sheet thicknes~.
These results are, however, insufficient * @@fiUit~ ~?~n.
clusiona,

klultibolt Joints with Nonuniform Bolt Fit

Table 43 gives ths res~lts of.fatig~e te.sbB at R = +0.25
made at the Battella Memorial Iaetit-(rte on specinens of 0.102-
Lnch sheet Iiaving two bolts (one tight fit and one loose fit)
in the direction of loading+ Comparison with-the v~lucs
given in table 6, and plotted in figure 5, show~ that the
specimene with nonuniformly fitting bolt= hed about tihe same
fatigue strength as similar specimens with uniformly fitting
bolts.

Table 44 chows the results ofit.ests. at the.University
of Illinois on ~pecimene ~h-aving tlzrse b~lts in a transverse-..
row ( the cent-er-bolt- bein,g tight fit and the outer boitm
sloppy fit). Yigure 36 shows these results in comparison

.-

.

~.

-.—-

.

—

--b

.
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* with results fcr specimens containing all tight—fit bolts.
It appears that the joints having nonuniformly fitted bolts
were weaker in fatigue than joints with uniformly fitted
bolts.

.

.

Fatigue Strength of the Sheet Material

. .

.-

Yable 45 gives the results of fatj~e tests made. at the
Battelle Memorial Institute on specimetis of 0.102-inch sheet
both unnotched and. notched %y a single 3/8—inch hole. Tables
46 and 47 give the r~sults of tests made at the University
of Illinois on unnotched sheet specimens and on sheet speci-
mens notched by bolt holes. Details of the specimens used
are given in the appendixes. No unusual failures occurred
in these tests.

Figure 37 shows the results of the tests on.unnotched

sheets, and figure 38 shows results-of te~ts on notched
sheet specimens. ——

Some pin-bearing fatigue tests were made at the Battelle
Memorial Institute on specimens of 0,102-inch sheet. Results
of these tests are tabulated in table 48 and plotted an a-
load—life diagram in figure 39. .- --

These tests on the sheet material were reads in con—
sideration of the possibility of treating bolted joints as”
stress raisers in a material of known notched-fatigure-
characteristics. The results are discussed from this poiht”
of view in a later section of this report. ——

Friction in Bolted Lap Joints

The friction between the lapped sections of bolted—joint
specimens was evaluated roughly by a simple test. Specimens,
made with slightly elongated bolt holes, were loaded in static

..—

tension. The load values at which bolt slip appeared are
recorded in table 49.

It should be noted that such values correspond to a
‘lstaticll friction which is probably not often realized
under repeated loading. However, the values not~d in tab”le ‘“-
49 indicate that frictional forces of appreciable magn~=ea,

——— .....— .=

with respect to fracture load values, may exist.
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Bolt Slip during Testing .

Oable 50 shows some me.ssurement~ of the elongation of
bolt holes due to stresses during fatigue testing. These . ——
value~ e,re the increase In longitudinal diameters of the
bolt holes measured after failure on the bolt hole of the
untracked half of each test piece.

..>”
.-

An extensometer, using S2-4 electrical resistance gagee,
was designed to ncasure joint sliT during t.estting, Resulti
of such measurements are shown i.n table 51. This mea5ure0ent
included several factors: strain in tie metal, play due tp
initial l~oseness of bolt fit,

;
and elongation of belt holes.

The ‘Icoraputidlf values fcr bolt-hole elongation naglected the
strain in the met#.1 .ani allowed only roughly for play due to
initial bolt-looseness; An indication that theg= computed..
valuc~ are reasonable is the close agreement of final

—..—

comput~ elongations and elongations irioasured after failure. “
The results suggest that most of the elcingat.ion of t-he bolt
hole takes place during the first few (1 to 10) cycles of...

--
*

l~ading.
.—

incidentally , the strain-guge extensometer in Capblna.tion
with a dynamic load-mstisuring Lsvice. on_ the..testing machinfl -.
affordsd means of” ue.ktng l“oa?.-deflecti,rn measuremontw” dur~ng
testing. Figure 40 shows the result of su~h a measurement-
This nonlinear Iog,d—deflection c.haracterist-ic sometimes
contrihutei t-o sev”ere vibration OZ the testing machine.
Table 52 indicates conditions untier”“which vibration of one
machino became so severe that tests were stopped, These
observations pertain to the reaction-on a particular testing

—

machine. Nevertheless, it is belie~ed they indicate a
possible danger of bolt%d joints under reversed lo.ariin~.
The dar.ger appea?s to be not so much premature failure of
the joint in ~ueatfion as undue lcatl ree,ction on other joints ‘-” “—
and pmrts attached to tkat joint.

Another characteristic result of bolt-hole wear and
bolt slip in revereed-load testi~g Kae the difficulty of
~Laintaining load values desired. Figure 41 shows the load
values measured for single-belt s~~imene purposely run to
1,000,OGO cycles at .c6nstan& deflection. Apparently, the
Joint w~th ~he lose.ely fitting bolt showed a marked tendency
for falling ‘iff of. load,. E’igu.re 42 shows photographs of
these specimens aftei’ 1,000,000 cycl&3. The increase of *
abrasion with increasing initial belt clearance is obvjoue.

●
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DISCUSSION 03’ RESULTS

Comparison of Results from the Two Laboratories —

Detailed. examination of the results of all fatigue tests
on bolted lap-joint specimens shows that both laboratories
found nc significant direct effect of bolt fit upon lifetime
of a given joint under a given load.

—

Figures 43, 44, 45, and 46 show results from the two
sources on specimens of 0.102—inch sheet, In each of these
load-life diagrams, test results for 311 specimens of a
given type (regardless of bolt fit) are designated by one
symbol for tests made at the Battelle liemorial Institute, .
and by another symbol for tests made at the University of

● Illinois. In general, the test results from the University
of Illinois show shorter lifetimes for high loads than, those
from Battelle Memorial Institute. However, in tests for which

● lifetimes approach 1,000,000 cycles, the differences become
much smaller. Throughout the whole range of tests, the
‘scatter hands’1 of the load-cycle diagrams from th’e”two
laboratories overlap by a considerable amount. The diS-
crepancie~ between the results from the two laboratories~
if they are real, may be due to differences in unsupported
lengths of test pieces and to slight departures from axial,ity
of loading, .—

..-

The ofily other sheet gage for which specimens were tested
at both laboratories was 0.250 inch, Results of these “tests
have been ~hown in figure 13. Results from the two labora— . ._ _
tories agree well e.t the ends of the curve (10,000 and
1,000,OCO cycles), but the few Battelle Memorial Institute”
results available show high loads for failure near 100,OQO
cycles .

—.
—

In a later section of this part of the report are graphs
of fatigue strength versus sheet gage. The smoothness of
these curves implies that test results for intermediate .
gages fit well into a general picture, and this adds con— ,,

fidence that there were no major discrepancies between test-s
——

at the two laboratories.
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The Effecb- of Bolt Fit on I?atigue Strength d

Most test results found in this invest i~at ion have shown
no pronounced effect of bolt fit unon fatigue strength, mS
irdici%ted bY load--life values. ‘lh~s conclusion must- not be

extended beyond the limitations of the t“est conditions.
-.

In the firsii place, tes~s have been &&ae”oni”y upon l~p ~
—.

jotnto 0M4S–T sheets fa9tened by steel bolts: It 56s been

noted that the hard zteel bolts Ilrinell..sd the relatively
soft sheet so as t-o-canse elongation of the bolt hol~ within

—.

a ver?? few cycles cf the repeatgd loadti Apparently, the
bolt hbles are deformed to an equilibrium condition dependent
upon the loading, and t-he strength of this e_gulli>r ig.m_~onJ_
dition s“eens in?.~en~ent of initial bolt fit-; It should

also be p~inte< out-that the results show greater. ecatter for
tight fits than for loose ones.” It may WSI.I be questioned .
whether steel. bolts in steal sheets or aluminun—alloy boltg _
in alumiuum-elloy. sheets” would behave in a s~m~lar manner.

Seco3&ly , the c?lterion of fa,ilu~e for. the tests rgpo>fed
here k.e.sbeen v3~3blS “cra~king of the sheet material oi”cnm-
plete’ fracture. o~the” joint.” No :ther se?iously undesira~le
effect. was noted f.n”the unidirectional-load in.q tests. .Bsftl
in r~versed—loading tests> bolt slip caused co~s”~@”erable _
fal’lin~off of load knd se”~ere vfbration of testing machinepY
These effects ware more serious for joints with loosely”
fitting bolts than fc,r joints with snugly fit~in< bolts.
It hs.s be~n pointed out, in several caees, that it was im—
practicable. to :’ufisingle–bolt specimens with loo~ely fitting
bolts unde”r high reversed-load condit iogs, SuckL observ+t~~ga
imply that Iooasly fitting bolts’ are definitely undesirable..-. .... ..
under reversed l.ti”ading”;

I.n gsneral,
---

multibolt Ei?ecimens haTe had the same cleiti-
ence fo~ every bolt in a given specimen, GoncLuslon: <rcm
suclb tests should not be 6Stendtid without further consider:”
at ions to a joint-ha~in~ a long f.ow of differently fitting
bolts.

It should be not-eti: further, that these tests have been””
limited to axial loading with precautions to avoid flexure.
Service loadin~s are ~eldon this simple, and it” is not-
certialn how fal’ conslueioaa from the axial-loaillng ti6ts
apply no riore cOm’plex loading conditions.

.

-
—

—

..

-.

8



Variation of Fatigue Strength with Sheet Gage

Figure 47 shows maximun loads, for several lifetimes
at R = +0.25, plotted against sheet gage used for single-
bolt lap joints. Figure 48 shows similar plots ‘for joints
having two bolts in line with the load, while “figure 49 and
50 show results for loading at R = —0.50. In all cases,
th9 “points!’ in figures 47 to 50 are obtained from the
smooth curves drawn through experimental points on load—
life diagrams previously shown. ,

.—
.

—

Both fatigue strength and static strength of a bolted
lap joint: with a given bolt pattern and bolts of given
diameter, increased with increasing thickness of sheet used
in making the”joint. The rate of increase in fati~”ue--”–
strength at a given load ratio and for a given lifet-i-me–-is
less than the rate of increase in static strength. Thus ,
from figure 48, a two-bolt joint of 0.20&inch sheet would
be nearly twice as strong in static tests as a single-bolt
joint of O.10Winch sheet. However”, in fatigue (at 106
cycles at R = +0.25) the 00200--inch-sheet joint would tine”
only 45 percent stronger than the O,lOGinch-sheet joint.

Thus , increasing the sheet gage, for a bolted lap joint “--
of a given type, apparently increases lon~”l-i”fe fatigue
strength considerably less than it increases static strength.
It is probable that specimens of thicker sheet have higher
stress concentr-ations than thin—sheet specimens , and it is
commonly found that stress concentrations are more sericus
under dynamic loading than under static loading.

-—_

Effect of Number of Bolts on Feti=gue Strength

In all Gf the tests described in this report, increasing
the number of bolts in a lap joint between sheets of a given
thickness incraased bcth the static streugth and the fatigue
strength of that joint. Closer examination shows t~a~”=he
increase in streggth wae not usu,ally proportional to the in-
crease in the number of bolts.

Table 53 shows results obtained on increasing the number
of bolts in line with the applied load. In every case, in- ~
creasing the number of bolts (or the n-~ber of rows of bolts)
for a given sheet gage decreased the st”r-ength per belt. Thus ,
doubling the number of holts in the direction of loading in–
creased the fatigue strength only from 30 to 60 percent.
Adding another bolt (or row of bo~ts)gaye a further increase

-..-

-—.
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of only 10 to 30 percent. In general, t-ht3percent increase

in fatique strength due to adding bolts in the direction of
loadinq was less Zar the thicker sheet specimens.

.-, . - -.
Ts.ble 54 comy~res the streng~hs of ~~:izich-!yi.le ~P.eci-

mens having a single bolt (or line- Of-=oolfs]. w.jt.~.etrengthe
of 4~inch-wide Gpacimens having three bolts (qr lines of
bolts). Nate (see fig; 1) that edge.distanc2s anl. boit ‘
spacings wer”e not. varied. It m~ght bti”expected that the

ratio of strengthG wo”uld be about 3:1-1 a.n.d.it..is .c$.ear.
that this was generaiiy true. ~et~iled examination ‘of the

scat’ter shown in the Ic)ad-liYe diagrams mak=s it seem ques-
tionable whether deviation from the averags ratio o.f S.;1

are significant. l’he regults suggest” that a joint having
a row of bolts may Lsvelopi under uniform loading, pretty
nearLy the streagth pred.~cted from tests -of sin~~e.->.g>-!==
joints.

—

It should be ““noted that this investigation has not in-
cluded variat~on of bolt--acing, go..thnt..no st~tementti con—

cerning optimum bolt patterns are possible.

-—

.—

.

.

—
—

Fatigti.e Stren”gth of Materials and Effective Stress

Concentrations in Bolted Lap Joints +

_-—tle-f-fe-ct:i~estress cOn-3’i5ure 51 shows some ValUeS if.,
cOntration,ll K, for specimens of 0.102-inch sh”eet tested at

—

R = +0,25; K is here dGfined as “the r“titio”of- the maximum

stre~s ~upported by a sheet specimen to a gi-ren lifetime
divided by the n~minal—gross-area stress supported by the
specimq~ with stress raiser to the same lifetime at the
same load ratio. Taluea of K were computed from the solid-
line cur~es in figures 4, 3’?, 38$ and 39.

An interesting Observation from figure 51 is that the
variation with lif~time of the effective strees concentration
from the pin-bearing tew-trj is Quch more like that for the
bolted joint than IS the variation of K for the sheets
with drilled hnles. It is t;ell known tIiat the stress con- ,
ccntration in a pin—loaded sheet differs from the etross
concantratton of a Shset with a centml hole, \‘See , for example. - ~
fi~. 9.-~’7and 7.32 in reference 6:) .

,
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However , factors other than stress concentration at the
bolt holes are concerned in the fatigue behavior of a bolte~
lap joint. Friction between the overlapping sections” (not
necessarily identifiable with the static frictional loads
previously noted), abrasion between the plates or between
washers and plates, and bending stresses at the laps must
all be included in any complete evaluation.

CONCLUSIONS ——

The data presented and disc~ssed in t he foregoing pages
appear to warrant the following conclusions: ““

—.

. 1. Bolt clearance (varied from –0.0005 to +0.050 :n. ‘-)
did not have a pronounced effect on the fatigue strength
of bolted lap joints tested in tension—tension loading

* (R = +0.25).

2. Bolt fit did not affect directly the strength of
such joints in tension-compression loading. Slip in joints
with loose bolts did cause> undesirable joint motion with
resultant falling off of load under constant applied de-
flection. Under conditions of repeated reversal of load,
the effect of an iacrease in bolt clearance may be d.etri–
mental both from the standpoint of increased wear at the
joint faying surfaces and from the standpoint of possible
sympathetic vibration effects “caused by non—linear load—
deflection characteristics.

~, The undesirable behavior of bolted joints under
reversed loading may be mitigated by: using tight boltg
(note that a bolt clearance of 0.002 in. gives much better
characteristics than a clearance of 0.010 in.), by using
bolt torques as high as allowed by other considerations, and
by using ~oints with more than one bolt (or one row of bolts~)
along the direction of loading.

4. Increasing the number of bolts in line with the load

increases the fatigue strength of the joint, but decreases \
the strength per bolt. In general, the increase in strc.ngth
is less for dynamic loading than for static loading.

...

5. For a given bolt diameter and bolt pattern, joints
made from thick sheet are stronger than joints from thin
sheet . The increase in strength is not proportional to the “
increase in sheet gage, particularly for long-life fatigue
loading in tension-compression.

.—
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In view of the testing conditions, these ccnclasions applY

only to lap—joint test pieces, of 24S—T A]c3@i Sheet and
fastened tiy steel bolts with smoctn..~”hanks, wit~ig c~n.-
ditions under: whicb failure occurs in the sheet. Tor
multibolt sp~cimen~f these conclusions are valid only. when
all bolts in one joint kavs the same fit.

Battelle Memorial Institute, —.
~~ol.~mb~g, Ohio.

.—

Cnivernity of 11:.inois,
‘~irbana, 111.? December 15, 1S45.”

—.
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ti APPEFD IX I ...—

DWA.lLS 01’TEST’MIITHODS USED AT THE BATTXLLE MEMORTAL INSTITUTE

Fatigue Testing Machines
.—_ .-

Tests at the 13attelle Memorial Institute were run on
Krou.se, Direct Rspeated—S tress Fatigue Tssting Machines.
Figure 52 Shoxs one of the large load capacity (10, OOO lb ) )
machines . -----.’---,

-—

The variable load is applied hy bhe levar A, which is
actuated by th~ adjustable cam C. T!ha average value of

.-

the luad can be a~jvsted by the leading screw E. Stat2c
●

loaC values are ob$ained by measur~ng the bending of a -—

Iixed length of lever A by means of the dial gage on the
‘igage bar{l F. The relation “oetween dial readings and ~oad

. is obtained from a calibration curv”e t-tiken with Lead—weight
loading.

.:

Tests showel ihe dynamic loati range to bg from 2
te 18 percent (on diffei.~nt machi.r.as) greater-than the load
range when the, can iS slcvly rotataii for the static load
measurement and afl,just:ent . Det:.ile3 examination (made with
SR-4 strain gages mcunied Cn specimens, on thy fulcrums D,
and along the loadiag lever at K, 0, P, .. . .,I =ho’ti~d this
increase to be ~ue to inertia of the loa.din~ iever and .

connecting rod. The throw increase is directiy proportional ‘-
-.-—

to the load ranga, and is i~sen~itive to specimen stiffness.
Hencef specimens were loadei? by static dial-bar measv”r.5ments
with calculated allowances for dynamic effects. — -. .—

Each machine is equipped with mechanical counters G
which record the number nf hundreds of loa~ cycles.

A cut-off H was d.es.igned to stop the machine upon speci~
men failure. The nicroswitch shown in figure 52 has bean .
replaced by an adjustable contact and a thyratron relay.
The pi-esent arrangement is sensitive to a load decrease of
15 pounds or nore. -—-— _ -

—

.

.

—
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Test Pieces au? Grips ●

-.

Figura 53 show= sketches of” typical bolted—joint test
piece~ used at the Battel.le Memorial Institute. Note (for
comparison with test ~iecez uced at the University of
Illinois - fi~s. 59, 62,

—

and 63) the langth of the specimens
and the lack of tiidened grip aect~one. The length unsupported,
by grips was at.out 10 inch~s

—
for specimens with a J>–inch

lap and greater by the additional lap for other specimens.

Yigure 54 shoQ6 details Ofapecimens used fOr teetS
of the sheet material (bcth unnotched and uotihed by a
~entral hole). T

.—

The method of preparln~ and mounting specimens con-
tributed toward equality o: load across the width of each
specime~. A gpecimen wae mounted in tha mackine with only

●

the center holding tiolts inserted through the two holes
drilled along a centsr line ~n the speciaen. A nominal
temsicn l~ad (100 to 200 lJ) was applied tv insure adjust-

.

ment. Then auxiliary bolts were, i)iserted in the outer holes
of the grip pl”at~ elnd “tighte~ed. These bolts either wera
outside the test piece ( for 1~:-in.-wide epecimens) or (for
wider ones) passed through holse 1/16 inch larger than the
bolts, Thus , these additional bolts ser~ed only t-o ~cuease
the 21ates and .affor~ increased frictional holding by the
grips.

--
-.

Reversed.-Load, Tests

Figure 55 shows a singla—bolt specimen mountid for a
tensioa-compression test- wzth guide plates to prevent buck-
ling.

~~wre ~~ Shgws ~ar~s of onc pair of .gviiie plEt9s. l’he
platea were made from l/4-inch cold-rolled steel$ cut ap-
proximately 3 by 8 inches. A l-inch hole was drilled in the
center of each plate to allow room fop the specimen bolt.
A piec~ of aluminum cf the same thickness as the specimen
to be te~tred was Lolted to the upper half of one plate and
a si.mil!ar piece to the lower haif of the other plate (A and
B In fig. 56). Porous paper (from the National Bureau of
Etandards - see reference 5) was pasted un portions of the
guide plat-es to be in c~ntact with the test piece, and was
eaturated with oil. Spacars (C and D of%fi.g. 56) were used

,

. .—
----- -
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to obtain suitable clearance to gi~e the best balance be-
tween low friction and good ‘lguidance. t’ It was found
necesszry to adjust this clearance ‘~nder maximum load to
prevent binding due to bending at the lap. With car~, this “-
procedure gave uaifora” results.

..—=.- .-----

A few specimens were run without guids plates. These
“were cut short so that the length unsupported by the machine
grips was about 1* inches pl-~s the overlap. 3’igure 57 shows
a comparison of tests using the two mehhods and adds ccn—
fidenca that the guide-pla:e method “was reasonahl.y “~~~s~-

-.

faciory.

.

TEST METHODS USED AT THE UNIVE~SITY OF ILLINOIS

Tests on Specimens of 0.102—Inch Sheet

~achines.– The Moor~Krouse -push—pull fatig”.ae testing

machine as fitted for tests cf bsl.ted joints is shown in
figure 58. CYcles of reFea”ie~ stress are .applisd to the
specimen S ‘oy-means of the varlahle-stroke cam G, the lever
L, the fulcrum T, the slider N, and lo-war jaw J!’. The load
on the specimen is carrie~ by the upper jaw Jr to the
calibrated weighing ring R, the elastic iieflecticn of-whi-ch
measures the lead cn the specimen. A pair OS plate fulcra
FZ1 minimizes the lateral vikration of J! and of the upper
end cf the specimen. The micrometer diai gage D measures

-—..

the elastic deflection of tha weighing ring 35 ..—

The total throw of the variable--st~bke cam C determined
the total range of load applied to the specimen. The ratio
of minimum load in a cycle cf stress to naximuu load is

,-

determined by the pcsiti>n of the nuts N! and N’t on the
screw T.

. —— -—

Unid’~ti~al loa~~.— In starting a test under uni–
directional laati, the specimen is fastened in the upper and

.—

lower jawa. Then ,
—

with nut ITi}100set nut l?’ is tightened
until the desired maximum load for a cycle is indicated 6-D
the micrometer dial gage Da The nut Y1 i,= ~oosened until
the minimum (teusile) load d~sired for the cycls is indi~tited –
on micrometer dial gage. D. Then nut N“ is tightene~, the..-.._ _ _ ___
shaft of the testing machine is turned- over_by hand, and
the stroke of the variable—throw cam C fs- adjusted-by “means

.-

.



of a I;panner wrench to give the desired. range of lead from
maximum to mir.imum, This adjustment usually changes the
reading for the ms.xlmum load slightly, and read,justm eat is
made by changing slightly the posit ioris of nuts N1 and N“
along the screw T. Ths machiae is then started and allowed
t.o mal:e about 100 revolutions than stopped and readingG
of dial gage II tiak~n, and wig necessary ad.justaents in Ftroke
of cam C and positions of nuts N? and N’t h maintain ths
desired range of load are made. This process of stopping
the machine and taking test readings at frscluent intervals
is kept up during the first 100,000 cycles, or until no
adjustment is found necesflery after three or four trials.
After this , observations are takan of lca~ at conven$ent–
inter vais . When the specimen breaks or a crack opgns up,
the distance between J; and J“ increaso~, and a nicroswitoh
K is eet GO that a very small increase in the distamce hst.ween
J) and, J(I will cause the switch tG make contact, open the
motor circuit through a relayi and stop the motor which
drives the testing machine. ‘Then the number of cycles of
streaa for fracture can be read directly from tha revoluttin
counter Q,

Reversed locdln~.- To apply cycles of partially revereed--—

loading, nut N[l is screwed upward so that there ia compression
on the specimen, The spring G is tighbened sufficiently to
insure contact throuEhgut “a stroke betwoeg cam C and the
ball hearing at the end of lever L. After clanping the
specimen in jows JI and J’!, nut IT’1i-s screwa~ up until
the desired maximum compression has been put on the speci—
men. Then nut N!f is loosenad and nut N! screwed down until
the maximum desirsd tensile lead is applied. Then thd
stroke of the cam C and the positions of nuts M’ and NII are
adjusted until the desired ranga is secured as ths machine
shaft is turned over by hand, e.fter which the testis carrfed
cn lr. a manner similar to that used far tests under uni—
d.iroctio~al stress. HOW9Vei’ , for i=e~erse,l-load tests it Is
desirable to take obae~vatfons of raa~e of load at more
freouent intervala of time than the Intervala between
observations in tests under unidirectional lend.

%~ertia effects in Moore—Krouse— push-pull” fatigne

g~chin9,- As the machine is in operation, the slider M, the
lower ,faw J’f, the upper ~~.w J! , and the l~wer part of the
ring R are in up-and-down moti~n~ approximating harmonic
motion, The inertial effects come mainly from the parta
below the specimen S and, If the weighing ring ~ were
equipped with a recording mirror deflectGneter, the forces

.,

.
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indicated. wculd be those acting on the specimen, including
the major inert ial forces . Th9 readings cf tha micrometer

diel are not self—recording. T’ne;rare taken Bt intervals
during a test as the shaft of the maohine is turned over by ._
hand, and. the effect of the inertial forces when ths machine
is running at ncrmal speed (600 rpm) are ~ recorded. ,

To deter iaine appr~ximately the magnitudes of these
inertial forces, the fcllowiag procedure was followed:
In its normal position, the lower point of the plunger

..

~f the micrometer dial gage doeg not tcuch the ring R, and

a gage reading i~ obtaine$ bY pushing on” the ‘~pper end cf
the plunger until contact between khe luwer point and the
ring is made, when the reading is takan. Maximum and mini-
mum read ings uf the dial ga~s are taken as the shaft of the
machine is turned ovsr by hand. Then the machine--iii staikedl

...

and when running at nsrrnal speed, the upper end of the
plunger of the dial gage is gently pushed down until contact
is ma~e between the lcwer point of the plu-nger and tha” ring
R. This gives a reading of minimum Ioa.d under rumning con—
ditians, and it is assumel that the d.iffsrenca bstwaen ‘th”6 -
“hand turnin

7
“ readings and l:rdnnf,ng~~ readings will he

(nunericall~ the same for both maximum and minimum read- ““’
ings . Contact betwsen lower point af the plunger of the
dial gage and ring may be detected 3y the ~lfeel~ against
the ficger pressure on the upper end of the plunger> or by
the dial reading for which violent vibration of the dial_
pointer begins.

This check has been made several times during each
test made on the Hoore-Krouse machine, and the difference
between hand turning readings and runn~ng readings rarely
indicated a difference grsater than 25 pounds. The iriertial
effect does not seem to be serious in the tests herein
reported.

..—

Adjustment of results for actual values of R – It is-— —______
very difficult to adjust the length of throw of the cam

L

and The position of nuts N~ and Nil in the }~oore-Krouse ‘-—
machine to give the precise value of R (ratio of minimum
to naximun load) deeired in each individual test , In practice,
it is more convenient to adjust the parts of the machine to
give approximately the desired value of R, and then “ad-ju~”t
the test results by the use of a ccjrroct ion factor.

—

Accordingly, the following empirical formula has been
computed from tension—compression data reported in the
Structural Aluminum Handbook (p. 26), published by Aluminum
Company of America, 1945:
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() I
F’ = .1,“?5-Y. p
max. 1. 25-R’

max d

i

I

“where

Pmcx

P max’

.-

.4ctual maximum l~ad at the load ratio F.

“corrected maximum load’! corresponding to the desfred
load ratio B’

In one or two cases, the correction of the maximum load wQ6
xore than 10 per cent.’ In the great major-i ty- ‘Of c~se~ , the

correction was from O to 2 percent. ~or such small correc-
tions, it is believed that tire procedure described ie
justifiable.

‘Test pieces. — Figuro 59 shows diagrams Of the” O.lO~——.—
inch specimens used at the University of Illinois,

Tests on Specimens of 0.375 —ITich Sheet

~!’esting machine s.- l!’igu.re60 shows -a direct–acting
25 ,OCO-pound capacity tesiing machine -~lsed at the university
of Illinois. This machine runs at approximately 60G cpm.
The load. ie changed by adjusting the throw of the eccentric

shown at the bottom.

I’i,gure 62 shows a lever– type machine of 50,000-pound
capacity, which is run at approximately 300 cpm. The load
is changed b.y adjusting the eccentric shoyn at t-he left in.
the photograph. ‘“ -

.7 --=

For both machines, loa?s were measured by ring dyVa-”. -
mome tar. Load values were checked frenuent.ly, as experience
dictated, and the eccentrics readjusted when the Zoaa varied
appreciably. Records of these adjustments were kept and
these data taken into account in arriving at reportid load.+
Val.uee ●

In “each machine, the lower corners of t-h~-upper pulling
head and the upper corners of the lower pulling head are
supgorted laterally by fcur hori~ontal steel barG. Each bar
is machined to a thin ribbon at each end so that th heads.
are restrained latei-ally but are free to move vertically.

—

—

.—.

—
.

—

—

.
--

.-

. .-

●

Both machines have roller hearings throughout.
.
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L Test pieees.- The details of typical test pieces are

ehown in figures 62 and 63. The unsupported lengths were: .— ——

5 inches for single–bolt and two-bolt specimens (fig. 62)

6 inches for three-bolt specimens (not shown) —. .

5* inches for six–bolt and nine–bolt specimens (fig, 63)

All joints had 3/8-inch bolts with washers under heads and
nuts, and all nuts were tightened to a wrench toro,ue of
110 inch–pounds. -.
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NACA TN No. 1030

!rARLE1. MECEAIUCAL PROPERTIES OF SE3ET MATERIALS

sheet
Gage
(Inohee )

——

0.102

0.125

0.156

0.MT

0.250

0.375

statioultimate(’)
(p.s.i.)

69,700

70,450

70,000

69,000

69,w0

67,050

Yiel& Strength
(2)

(p.s.i.)

49,920

51,200

51,000

50,650

51,675

49,450

lIR&%n(3)
16.0

17.9

19*3

19.1

16.3

M.g

(1) All valuee amragee of results o& two teet pieces. Each piece 1~ wide
a% center.

(2) Yield at 0.2$ offeet ia 2“ -e length.
(3) Elongationover 2~ gage length.

TABL5 2. RE.PRES!W!MTIVETOLERANCES XllBOLT HOIloS

190minalBolt Meawured %lt
Bolt Clearance Clearanae
B’1t (Xnah) (Inoh)

nmghtw -0.001to 0.000 -0.0007* 0.0003

w~fllw +0.002 0.0021~ 0.0004

‘Loosew +0.010 O.olog* 0.0020

“Sloppyfl +0.025 0.0235* 0.0026

. -=

. —
.-

.

. .:

.

.

.

“

~Otit3: ~L few tests, noted in the text, used larger clearances. (O.050 inch)
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.

.

mm 3. S!I!ATIOSTRENGTHSOF ~LTEDJOINT TEST PIEOES

beet 3biN.re Loads. in Pounds
&e gp:i::n(~) Bol

t
Specimen b~eoimen

;Inoh) ~~ 2) MO. 1 %. 2 Average

).102 A- $ingle bolt. T 5420 53s0 5400
4920 4960 4940

; 5220 5000 5110
s 5C60 5055

* Q 4740 ?% Qaoo

B - Two %olts in D s160 m60 8110
line of load. I! 7020 7400 7210

7520 7610 7565
: 72t50 7260 7270

c - Three ~lts in L 7720 76U0 76s0
line of load.

3 - Threebeltsin L 15980 15s30 15905
linetransverse to 6 15*O 15500 15570
load.

0.125 A - Singlebolt. n 6150 6100 6125
L 63m 6320 6310

c - Threetilts in L 9560 9440 9500
lineof load.

D.156 A - singl@bolt. . D 7s60 7g130 ‘ 7920

D.187 A - Singlebolt. T gmo 9160 9130
D 7660 &go ~070
L F3qjo g6#o 8745

13740 540 q40
: 7t320 7ggo 7900

B - TWO I@lta in D 14100 1*OO 15050
lineof load. s 13820 13600 13710

Q 13920 13a20 13g70

o●M7 D- Threetiltsin L 26775 25425 26100
line transverse to Q 22750 26650 24700
Jead.

o.250(4h .-$i~le blt. T 10100 10260(3) 10180



30 NACA TN NO. 1030 .

.

beet
age ,
Inch)

.2yJ(4)

.375(4)

B - NO bolts in
line of load.

c - Three bolts in
llne of load

l’- Threerows of
three bolts each
$ranayerae to load

TABM 3. (Continued)
—

I I

19220 M740

II

Mggo

. .

2s630 27gjo 28230

g66go 86200 W440 .

(1) See l’lgtare1 fortypesof specimen.

(2) Bolt-fit clearances: T= 0.0000 to -0.001 inoh
n= 0.002 inch
L = 0.010 inch
s s 0.025inch
Q = 0.050inch

(4) Single-bolt joints of 0.250-inch sheet and of 0.375-inch sheet, and
both two-bolt joints and three-bolt joints of 0,375-inchsheet-failed
in tho bolts.
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. FATIGUE TEST RESULTS FOR SINGLE-BOLT SFECIMEMS

OF o.io2-xwHs~T, mIDImt2TIoNALLOADING(BAT~LLE)

(R = ~0.2s)

ecimen Cycles to Position oi
80. Lo%%%. ) Failure 3bilure*

oup lZIU (0.00011to -O.OOIW clearance)

1 5000 3, 00
2

A
27 4500 3, 00

4200 16,500 B
3: 3600 s 62,900

3000 3
1: 2700 w% 3
18 2700 45,oo@ B

2400 127,900
22 2200 75,g~ B
2k 2100 122,000 B
35 2000 263,500
23 1750 227,500 B
22 1750 76,900 A
14 1500 315,400 3
15 1500 533.500 3
13 1250 1,374,200 B
k 1200 229,100 A
17 1200 241,600 A
19 1200 716,700 B
25 1050 1,355,700 B
20 74g,g45,000
21 ~; 3,35k200 B
12 >ll,07g,goo f
11 aoo >11,172,500

9UU lDlU (0.002Kclearance)

4m0 3,200 A
1; 19,W0 B
30 :Po k3,900 A
3b 3600 63,200
23 3200 5g,5~ B
24 3200 75,0~ B
29 3000 106,400 B
2 3000 32,000 B

3000 q,w A

2 24oO 141,900
27 24oO 161,700 B

3 2000 115,200 B
28 1500 429,800 B

.-
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TABLE4. (Oontinued)

:Iechen Maxhunl
No. Load (Lbs.)

1250
3: 1200
25 1150
26 1150
20 1050
5 950
21
6

920
&$60

. m u (o-.olo~ clearance~
11 4m0
5 k500
1 4000
29 3600
2 2500
14 2500
13 2200
3 1500
12 1200
2g 1200
4 1030
6 gyo

:OUDlSIU (0.025nclearante

6 $800
1 4200
22 3500
2 3000
21 2400
11 2000

1750
{ 1200
12 1200
23 1000
5 Km

Xgu fo.mo‘m n ~learance

i
4

1;
2

12
1
5
10

~ A indicatee

4500
3mo
3000
2100
20C0
1500

1200
1000
850
700
600

Oycles to
Ibilu.re

567,900
1,316,0MI
I,366,0cxI
l,354,7m
1,M9,700
2,5613,900
3,4yf,om

>13,g6um

79;500
103,000
185,200
376,000
790,500
ggo,aoo

6,~~~;%

,.

1,400
12,goo
49,600
41,600
130,600
147,5ca
160,000
560,400
961,100

2,922,koo
s,77g,fjco

2,s00
6,300
6g,goo
1s3,700
315,Oco
470,500

1,500,000
1,399,000
2*64S*OC0
3*5g9,WJ

>llo,y2,goo

NAOA TN No. 1030 .

Position o
F73ilure*

B
B
B
B
B
B
B

A
A
A
A
B
B
B
B
B
B
B
B

A
A
A
B
A
A

B
B
B
B

?atiguecraak throughklt hole. B indiaatea fatigue crack
at edge of bolt hole. See Figure 6.

.

.

.

--
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TABIiE5. FATIQUIITESTRESULTS10RTWO-BOLTSPECIMXNS03’0.102-INmSHEET
WITHBOUTSIN LINEOF LIMD. UNIDIRECTIONAL KMD12?G (BATm~)

(Rs +0.25)

Specimen M&ccimul Oycles to Position of
No. Load (L%s.) Yailure l?ailuxe~

@ouD lll?U (0.002W clearance)

6500 2,700 A
1; 6000 37,700 B
10 52ca 37,700 B
1 3600 92,500 B
5 2500 3~6,100 B

1500 1,43!3,800 B
1{ 1300 17*977*300 B
11 12CX) 917,300 A
12 1000 >13,&j2;goo
b 900 23,060,800 -

GrouDlL2U(O.OIOnclearance

6 6500 10,200 A
3 60C0 22,aoo A
1 4000 105,700 B

2bo0 4y9,300 B
c 1600 720,700 B
5 1600 1,496,900 B

1400 3,4~&: B

x 5: 6000
x 50 3100 137:900 B
x 52 1450 3,126,mo B

GrouD1S2U(0.029 clearance)

7 7000 6,300
h 6500 23,goo “:
1 5200 k1,600 A
2 3500 112,400 B

2200 335,100 B

; 1500 1,172,900 B
g 1250 >21,m2,7’oo
6 1100 >22,1gg,700

—

* A indicates fatigue crack through bolt hole; B indicates fatigue cr~ck
at edge of %olt hole. See Tlgure g.

.

XSpecim6ns made to give a tight fit in a loose hole by means of spacing
%etween holes.



34 NAOA TN No. 1030 .

.

wIJfi6. TATIGUE !EESTKESUIJTSIUR TEEW-BOLT SPECIMENS OF O.1O2-INC!E
SREWS WITE BOELS IN LINE OF LOAD. UNIDIRECTIOML Z.OADIIJG(UT’TEHJE)

Ipeciman Maximum Cycles to Pc)sitlon of
No. Load (Lbs.) Failure 3hilure*

kroun law (O.OIOn clearance

g ;;: 1,900 A

5 29,500 A
2 2aoo 204,500 B

2000 631,500 B

? 1600 937,100
6

B
1250 3,374,000 B

7 1100 >10,260,~oo

(middleholel/gnoff center)

lb 7200 18+600 A
13 6000 51,400 A
11 4000 149,800 B
12 2200 542,300 3
15 1300 2,235,000 B

(bottomhole l/g” off center).

1
8

6000 45,300 A
1 4000 124,S00 B
17 2200 *3,200 A
28 1600 ‘1,354,000 A
12 1200 5,311,000 B

.

.

* A indicates fatfgue crack through bolt hole; B indicates fatigue crack
at edge of bolt hole. See l’igureg.

.
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!lUBLE7. WIWWTEST ZMUUI!SFORTIE@E-BOLT=CIMIWS 01’O.1O2-INCH
-T WITHBOLTSTWS- TO m. UIIIDIRECTION&wm (BATTMW

(Rs +0.25) .

lpecimen Maximum 6ycles to Position of
No. “ Iaad (Lhs.) Failure FziiIure* I

lroup 1D3U (0.002” clearance)

9 9200 28,900 B

5 Sooo 44,000

7 6600 g5,100 ;
6 ;5C: 162,600 B
1 6jg,ooo B
2 2~oo 2,011,goo B
10 2650 2,577,600 3
g 2500 >Ij,gzg,goo

3 U300 79,525,200

Z’OUQ 1L3U (O.OIOn clearance)

11 9200 37,:00

10 7500
●

65,6M B, A
1 6000 95,100 B, A
6 Qgoo 229,000 B
2 Looo 440,500 B

5 3500 ua,goo B, A
3000 l,log,goo B

: 2500 . 2,367,600 . B

7 2200 >9s319,~o

lrourllslu (0.02V clearance)

11 gkoo 24,900 A
6 gooo 7b,300 3

6000 126,500 B
; ,bgoo W, 000 A
9 4000 332,600 B
2 jgoo 553,600 B
g 3000 gyj,goo B
7 2500 1,525,600 B
13 2300 3,426,100 A
12 2100 >15,726,200
10 Moo >20,17u,600

.
* A indicates fatigue crack through bolt hole; B indicates fatigue crack
at edge of %olt hole. See Figure g. -..—-
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HACA TN NO. 1030
!l!ABLE8. E4TIGUE TEST IUKWLTS BOR SINGIR-B3LT SPECI.h5%NSOF O.1O2-INOH

Sm4ET. ~DI~oTIoW IOADINQ (~msITY or IILINOIS)

(R= +0.25)*

>

pecimen &mlal Oorreoted**
No. Ra*

IglltMlt Zit tolerance o Ow”
+0.19 2&o 2goo

:; 40.11 1670 2130
46 +0.23 lEf70 1910

+0.22 1820 M70
? +0.27 1330 1300
10 +0.23 1040 1050
19 +0.22 970 1000

loppy bolt fit (clearanceM.031n)
+0.19

:: +0.22
+0.21

z +0.19
+0.25

z +0.22
26 +0.25

+0.24
E +0.33

L

2120 2240
2150 2220
1670 1730
1620 1720
1370 1370
1240 1300
1210 1210
ggo 990
760 700

—

Oycles to
Failure

37,500
374,000
150,300
94,900
392,100
s92,800

1,050,200

112,800
y, 800
lgg,~oo
150,600
201,000
365,500
5379700

1,2g0,000 No fracture
1,009,900No fracture

* ITomhal ratio ifi +0.25,~ ia the aotual test ratio.
*M ~m load oo~ected (see Appendix 11)to correspond to the nominal

had ratio R=+o.25.

‘MmL19. FATIGUETESTIEXU’LTSFOE SIWJU-B3LT SPECIMENS OF O.1O2-INOR
s.mm. mnDmxcmowmmw (~~S1~YOrlIJJMIS)

F
ecimen
No.

135
136
137
136

~

(R = -0.67)*

I Correcte&**
%“ &~blad(Lbe.) MIX. &ad(Lb6.)

Oycha to
Failure

I
Tight tilt fit (alearanceO.OCXY to -0.001~)

+0.64 3060 3220 224,400
+0.64 2450 2570 13n,joa
+0.66 2d!o 2080 1,371,500
+0.66 27go 2s30 1,1’g7’,700

* IJominalratio is -0.57,& is the actual test ratio.

** &CI~ load correoted (See Appendix 11)to oorreapond to the nOUIiIIEil
loadratio R= +0.67.

.

.

.

—
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WILE 10. YATI~ TES’.lTtESULTS IDR TWO-30LT S?EOIMXIIS01’O.1O2-INOH
SRE~ WITH 30LTS IN LINE OF lQAD. UNIDIRECTIONAL LOmING. ~I~R61Ty

03’ILLINOIS

(Rs +o.25)*

@ecimen Actual Corrected** Oycles to
No.

‘* vibzfd ‘~~b~?’
Yailure

I
!ightbolt fit tclearance O.OCXY to -0.001!!)

20 +0.21 3740 3W0
21 +0.23 3060 2;:;%
2k +0.22 25h0 ;6% 50,600

+0.23 Moo 1850 497,700
:: +0●2k 1720 1740 624,100
31 +0.19 lwo 1530
%

yg,500
+0.25 “ 1420 1420

b2
1,*0,500

+0.25 1190 1190 1,109,000No frac-
ture

kill fit (clearance+0.002fi)
.

124 +0.23 34ffo 3540 h6,200
125 . +0.25 3280 32go ly?,200
12s +0.25 2Mo 24s0 233,gOO
126 +0.20 22L0 2350 315,500
129 +0.25 M70 M70 662,300
127 +0.29 1630 1560 1,561,800

hose ~lt fit (ciearance+0.016n)

133 +0.2U 3120 3160 125,900
130 +0.23 2390 2430
131

231,000
+0.23 1960 2000 465,400

132 +0.21 1660 1730 1,532,200

sloppyboltfit (clearance +0.0311’)

61 +0.25, 3M30 31i30 22,hoc
36 +0.21 2750 2g30
56

7f3,Loo
+0.26 27ho 2710 61,200

71 +0.23 Mgo 1920
69

106,300
+0.26 1690 1670 760,600
+0.22 1380 1420 550,100

z +0.24 12go
60

12 0
C?

l,07g,300
+0.29 1110 10 2,016,900NO frac-

ture

* Nominal ratio is+O.2s, ~ is the actual test ratio.

** Maximum load oorreated (see Appendix 11) to correspond to the nominal
load ratio R = +0.25.

—
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!uBIa 11● FATIGUE TEST RESULTS IUR THEEE-B3LT SPECIMENS OF o.1O2-INCH
sHEET WITH EOLTS TRANS171XSE TO LOAD. UNIDIRECTIONAL LOJIDIIW.

(UNIVERSITY OF ILLINOIS)

(R s +o.25)*

1030 .

.

—
-.

—
Speciuen Actual Corrected** cycles ‘to

No. ~.
wwfd Yibw

Rhilure

Tight bolt fit

156 +0.125 4goo 5390 162,500
-l% +0.28 4350 4200 308,000
152 +0.21 3420 3560 557,500
157 +0.25 3000. 3000 1,105,100

t‘ A

* Thenominal ratio is +0.25, ~ is the actual test ratio .

** Maximum load corrected (see Appendix II) to correspond to the nominal
load ratio R = +0.25. .

.

mm 12. lWIGUE TESl!mSULTS10~ SINGLE-BOLTSPECIMENSOF 0.125-lNCH
sEmT . UNIDIRECTIONAL LOADING (ZbiTTELu)

(R s +0.25)

Specimen Maximum
no. mad (Lbs.)

900
; 50Q0

11 4500
1 4500

3000
1; 2200
5 2000 .

12 1500
1200

: 1000
tow ~!LIU (0.010~ cletmance~

;:
5000

2
000

12 000
1

z

3000
2200
10
$?10

$!
18
%!o1

~scates fatigim cra::e~g
at edge of bolt hole.

@roles to
Failure

Position of
lkilure*

A
B
A
A
A
B
B
B
B
B

A
A
B

117;500 B
MO,200

q 3

B
, 00

* :
jpxt, 1: E

s 83,200
~ ~lt hole; B Indicatss fatigue craok

.



“o’ ‘NT&J &?°FATI(33E TEsT RESULTS FOR THREE-B2LT SPECIMENS Or O.K!>INCH
EXERT WITH W2LTS IN LINE 03’10D. UNIDIRECTIOILLLLOMKNG (IMTTEL@

(R = +0.25)

pecimen kimum Oycleeto Positionof
Xo. Load (Lbs.) Failure Failure*

Pom 21&U (O.OIOn clearance)

i“
aooo 26,700 B
65ca 57,500 B

2 5000 122, lm B
5 3’700 309,90Q B

3 2700 63a,se-o B
2000 5s7,500 A

: 2000 1.991,9W A
11 1700 A
12
4

1 00
2 ‘=F

B
loil 11,355,00

* A indioates fat%gue craok through bolt hole; B indicates fatigw craak
at edge of bolt hele. See Figure S.

TL9EE14. FATIGUE TEST RESUIll?SFOR SI17G3Z-BOLT$EECIlC3NSOF 0.156-IN2H

39

Smm. UNIDLRECTIOW LOADING (MTT=) -

(R s +0.25)

lecimen Cycle to Position of
?30. Load (Lbs.) Failure Failure*

‘OUD3D1U (0.002W clearanoe)

k 6000 4,800 A
s+ *OO 5,300
3 moo 39,000 :
15 3100 107,OCQ A

3000 107,500 B

; 2200
6

26s,2ca B
2200 343,900 B
1800 g32,200 B

1; 1600 B
1500 1,?;;::Z B

; 1150 3,361,600 B
13 1150 3,693,M0 B,
s 1050 >26,926,1cn

~3 LIU (O.O1OR Clearance)

a 6200 3*700 A
5 5500 M,90Q A
2 4000 5k,000 B
1 3000 157,500 B

22W .
z

*9,1OO
1750 7oqMo :

1; 1500 1,30b,600
1250 1,607,200 B

9 1120
10

>12,537,ti0
1050

7
79,s46,600

950 >11,104,500

* & indicatee fatigue cmack through bolt hole; B indicates fatigue crack
at edge of tilt hole. See Figore g.
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!l!Aam15. IMZGUIC ~ST RESULTS 30R SINGLE-BOIIfS~CIMENS OF O.lg7-INOH .

SEdET. UMUIREOTIOFW LOADING (13ATTEUZ)

(B = +0.25)
.

Speoimen
No.

I
k?d%B .)

&ou 4T1U(0.WY to 0.0018 c:

m
1750

i 1400
1300

: 1200

h w 4DlU(0.002n olearance)

6500
; 6000
1 50Q0
2 3000
3. 2000

1400
? 1200

Koup 4LlU (O.OIOW clearance)

3

:
2
4
5
10
9

6500
5000
35m
3000
1750
1400
1300
lmo

bllD 4SIU (0.027 Qlewm ce)

1 6500
5000

: moo

i“
3000
1600

5.. 1400
1 1250
3 1100

~cy 4QlU (0.050nalearamoe)

5600
4700
3600
2700
2000
1500
1250
1100

0yole8 to
3%ilure

rance)

20,300
51,600
121,300
238,400

1,223,000
3,296,100

>30,572,000
>2S,274,S00

6,;:
24, NO
140,SCM)
756,903

5,173,800
21,299,200

6,2ciJ
42,800
101,400
=0,700

2, 2g2, WI
2,910,700

>12,273,900
735}736,000

4,mo
17,600
114,mo
186*LOO
9u,600

1,701,600
>12, q9,000
>14,229,600

17,600
19,600
91,mo

y;:;E
2,627,900
4,4ao,700

>19,417,600

Position of
B!9ilure*

A
A
B
B
A
B

2olt sheared.
A
A
A
B
B
B

A
A
A
B
B
B

A
A
B
la
B
B

A
L
A
B
B
B
B

.

.

* A indicates fatigue crack through bolt hole; B indicates fatigue crack
At edge of hole. See Figure g.

—
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TABLE160 FATIGUE-TESTRESULTSFOR TWO-BOLTSPECIMENS
sHEETc UN3rIIREcTIoNALLOm~G (BATTEW)

(R= +0.25)

41

OF 0.187-INCH

cimen

I

I!4axhlum
No. Load (Lbs.)

I

up 4D2U (0.002” clearance)
I

8
5
7
1
2
3
4

7000
6000
Sooo
3800
2800
2200
1750

IUP4S2U (0.025’1olearanoe)
7, 8400
5 8000
3 6400
1 5000
4 3200
6 2400 ● “
2 1750

up 4Q2U (0.050” olearanoe~
5 1 6200
1: 5000
2 3600
3 2500
4 1750
6 1500
7 1200

* A indioates fatigue
B indicates fatigue
See Figure 8.

.

Cyoles to Position of
Failure Failure*

17,500
38,100
185,600
334,100
588,600

1,395,000
8,385,000

11,600
10,700
37,400
66,700

435,600
927.700

5,042,500

16,200
73,400
377,100
828,400

2,563,000
>11,464,000
>7,709,600

A

A

B

B
B

B

B

A
b
A

B
B

B
B

A

A
A
B

B

oraok through bolt hole.

orack at edge of holec

—
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TABLE 17. FATIGUE TEST RESULTS FOR !UiREE.BOLTSPECIMENS OF 0.187-INOH
SHEET wITH BOLTS TRANSVERSE TO LOAD. UN~JRECTIONAL LOAD-
ING (EATTELLB)

(R = +002S]

I I I

Spaoimen Maxilnunl
I I

Po8i*ion of
No● Load (Lbs.) Cyolea to Failure Failure*

Groub 4L3U (OaOIOR olearanoe)
I

4 ml, MO B
8 7s00 374,800 A
2 6000 889,S00 A
7 4500 1,661,200 B
3 2s00 40,200,500 B

WOup 4Q3U (0s0S0” elearauoe)
I

3 9000 179,300 A
1 6000 763,400 B
2 3800 3,s00,700 B
4 3200 >18, 4S0, 600

.

I
!

I

* A indioatea fatigueoraokthroughtiltholee
B indioabes fatigueoraokat edge of hole.
See Figure 8.

MBm M. mmm mm mwums mRSINWi+mLTSmC_S or oe250-
IZ?OHS-. llh’IDI~O!lYOlW2LOADING (BATTELI@

(R s .a.25]

Specimn Cyclem to Position of
No. Load (Lbs.) Failure l’aiIurl#

roup 5 l!lU(O.OOH to -0.001’!clearance)

1 6000 23,200 A

2 196,300 B

3 3000 522,300 B’

4 2000 l,700,mo A

5 1400 >2t3,ay3,400

* A inlicates fatigue crack thruughbolthole. B indicates fatigue
oracleat edge of hole. SeeFigure g.

.

.

.

5

—.

-. .— -
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TABLE 19. FATIGUE TEST RESUL3S FOR SINGLE-BOLT SPECIMENS OF 0.250-INCH
S~ET . uNrD~cTIoIw WDING (~~RSITY OF IUINOIS)

(R = +0.26)

u

pedmen Maximum
No. Load (Lba. ) Cycles to Failure

Group Faa(Bolt ~learance = @.0001’)

1 2,360 185,200
2 2,940 69,300
3 3,380 127,700

3,760 42,600
: 4,340 34,800
6 4,960 26,100
7 5,940 19,800
8 6,360 10,200
9 6,630 19,500
10 3,980 44,300
11 3,590 97,700
12 2,490 97,600
13 2,300 518,500
14 2,210 187,500
15 2,980 169,300
16 2,970 114,300
17 3,000 100,000
1P 2,120 360,700
19 l,98i) 467,200
20 1,820 1,420,000

Group Fad(Bolt clearance = +0.025”)

1 4,340 43,400
2 4,970 51,700
3 5,900 13,200.
4 6;390 11,900
6 6,620 13,200
6 3,970 37,600
7 3,600 50,300
8 2,490 ‘ 180,Soo
9 2,320 1,281,000
10 3,000 93,300
11 4,750 33,800
12 5,590 ~ 21,900
13 6,720 9,100
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Tam 20. FMIGtZBTXST RESULTS FOR SINGLE-BOLT SPECINENS OF 0.37~-INCH
SHEET. uNIDI~cTIoNAL LODING (WIVER51TYOF ILLINOiS)

(R s +0.25)
~

Specimen 0yclet3to
No. Load (Lbs.) I?ailure

}roup.&a (Bolt clearance = +O.OOOn)
1 b,350 51,600
2 5,150

2

103,300
-~,g o
6,9L

; *;:
2

6 &,210 50:600
7 3,920 113,400

3,5go 75,700
; 2,790 4~s,400

10 7,glo
11 7,000 J:yo
12 2,970 159,500
1
?

7,6go 7,600
1 3,%2 99,200
15 3,glo
16

310,000

2
,ggo 94,W0

17 ,Mo
-k (tintclearance= +O.OIOU

70,200

5,100 go,200
2 6,tzgo 20,4Q0

?
3*g30 7 ,400

:5 ,700
5 ;:% 117,000
7 5,170 50,400

7,300
9

12,000
2,910

10 2,4ao
g; ;;:

11 2,6~ 228,g(x)
roupAd (B;lt’clearance= +0.025W)

7,490 12,000
2 u,790 34,600

z
4,000 ●

76,3CQ
3,610 71,700

2
3,120 2t31,500
2,490

g 6,170
371,goo
19,600

9 3,230 104,700
10 . 5,550 26,200

~ J

.

.

●

✎
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.
TAME 21. FATIGUE-TESTRESULTS FOR TWO-BOLT SFZCIMSNS OF 0.376-INOH

SHEET wITE BOLTS IN LINE OF LOAD. UN~ IIWCi’IOIUL LOADING
(UNmRSITY OF ~INOIS)

@ = +0.25)

spmimm Maximum
No, Load (Lbs,) Cyole8 to Failure

Gr~u~ Saa (Bolt olearanoeM a .OWW)

1 5,160 59,100
2 10,260 6,300
3 4,370 431,900
4 6,460 34, m)
5 3,920 2.24,200
6 3,020 452,400
7 4,400 18 S,600
s 4,820 1.25,200
9 7,620 34,200

10 9,330 18, 7W

GrouDBab (Bolt elearanoe-@.002w/

1 6,140 57,600
3 9,200 11,200
4 7,s30 25,ooO
6 4,0sa 168.800
6 3,020 669,900
7 3,470 245,600

GrouP Bac (Boltolearsuaoe= +O.OIOm)

1 5,910 62,900
2 6,020 36,600
3 7,200 26*3W
4 8,250 22,800
5 9,340 1s,300
6 11,770 4,800
7 6,040 103,200
8 4,560 130,000
9 3,980 257,200
10 2,950 56S,700
11 11,970 6,100

GroupBad (EOlt olearanoe=+0.025”)

1 10,440 1s,500
2 7,200 46,000
3 5,690 88,300
4 3,740 250,900
5 12,440 7,000
6 2,690 2,689,000 NO failure
7 3,020 1,917,200
8 4,580 188,300

8,430 25,300
1; 11,760 9,100

4!s

I
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.

TABLE 22. YM!IGUE!!T RXSULTS XOR THREE-I?OLTSEECIMBNS 03’0.375-INCH SHEET
wrmmr.m m HNEW LOADOmmrmcmo~u LOADING (~I~SITY OY ILLINoIs)

(Rs +0.25)

I

Specimen
No.

Maximum
Load (Lbs.)

Group Caa (Bolt clearance = +0.000~~ -
1 6,goo

7,3go
g,220

z
,110
,390

9#9~o
11,gao
4,010
3sW
3,800
13,940

3rouP Cad (Bolt clearance = +0.025”)
. 6,010

Cycles to
Failure

8.030

2,210,190
v,120
10,090
6,990
12,W0
14;010

~h,700
56,goo
53,000
155,100
296,800
32,700
17,600
312,300

1,107,700
943,2oo
10,700

131,900
63,700
17g,400
736,600
416,600
2g,600
92,700
22,700
10,000

1

.

.

.

.

.

.—
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TABLE 23. FATIGUETEST RESULTSFOR SIX-BOLT SPECIMENSOF 0,375-INCH
SHEETMITHTWORCN@OF THREEBOLTSEACH. UNIDIRECTIONAL
LOADING (UNIVERSITYOF ILLINOIS)

(R = +&2S)

1

Specimen Maximum
No● Load (Lbs.) Cyolea to Failure

4

Group Daa (Bolt olearsnoe = +O.OOOW)

2 17,960 60,600
3 13,940 554,600
4 16,960 72,500
5 1s,710 304,0CXI
6 B,990 51.800
8 15,970 237,900
9 20,970 64,300
10 21,793 44,700
11 24,910 26,100
12 I.2,O1O 469,700
13 29s620 16,200
14 11,990 211,900
15 12,000 191,100
16 10,910 3a ,200
17 10,030 413,800

Group Dad (Bolt olearanoe = +0.025”)

1 169090 306,400
2 18,060 110,900
3 14,200 644,2(X)
4 19,920 61,300 .
6 21,670 47,200
6 23,990 54,200
7 26,140 26,500
8 17,410 135,100
9 29,660 20,500
10 30,720 14,300
11 31,660 12,600

.—.. ,—
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.

TABLE 24, FATIGUE TEST RESULTS FOR MNE-BOU! SPECIMENS OF 0.S75-INCH
S3EET WITH THREE ROWS OF THREE BOLTS EACH. Unidirectional
LOADING (UNIVERSITYOF ILLINOIS)

(R = +0.26)

SpeOimen Maximum
No. Load (Lbs.) Cycles to Failure

Group Eaa (Bolt dearanoe = +0.000q

1 20,000 107,900 .
2 16,970 134,100
3 14,840 274,S00
4 24,970 57,800
5 30,050 33,300
6 35,940 19,700
7 42,OLO 8,600
8 13,070 1,048,300 No failure
9 13,840 313,600

Group Ead (Bolt olearanoe D +0.025”)

1 20,030 103,200
2 35,730 23,700
3 41,650 10,100
4 13,870 680,400
5 29,860 31,400
6 14,940 290,900,
7 24,900 64,I.00
8 16,960 145,100

.

.
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.
a. TAB~ 25. FA!FIGUB.TESTBESULTSPOR SINGLE-BOL!I

.

.

*

.

SBEZ!T. ~ LOADING (BAT~@

(R = -0.50)

●

I
Specimen Maxtmuln

No. Load (z!%S.)
I

GrouP lTIR(O.OOOnto -O.OO1mcle=m
21

I
3500

W 2600
22004.2 - 2200

20 2200
1900

$ 1800
5 1600
la I 1 00
4 ?010
40 1300

i
1150

1 1090
1000

i; 1000
15 900
17 8*

GrouplDIR(0.002”~learance)
g 1 2600

67
2

2000 ‘
2000
1500
1500
1 00
?010
1200
1000

3 I goo
GrouplLIR(O.OIOWclearance)

13 I goo
Group lSIR(O.025”clearance)

3g
39 I

49

SP2!CIMZRSOF O.102-INOH

Oyeles to
Yailure

SQ
25,700
2k.100
yu;100
54,500
63,SOO
56,300
lM ,200
209,500
375,~o
225,700
405,000
59, 0
{El,g3, 0

1,g66,800
811,700

2,344,700
k,7k9,000

ii!,900,600
111,300
355,200
lg6,900
33g,100
2g&,600
461,400
!599,900

2,2M ,500

1,609,100

404,goo
l,w,ylo

Position of
F’ailure*

B

A
B
A
A
A
3
B
A

B
B

3
B
B
B

B
A
B
B
B
B
B
B
B
B

A

B
B

* A indicates fatigue craok through bolt hole.
B indicates fatigue orack at edge of hole. See Figure g.

—
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TABM 26. FATIGUE-TESTRBSULTSFOR ‘IWO-BOLTSPECIUENSOF O.1O2-INCH
SHEETWITH BOLTS IN LINE OF mm. REVERSEDLoADING
(BATTEU) *

(R - -0.50)

)

Speoilmn Maxillluln
No.

Positionof
Load(Lbs.) cyoleEto Failure Failure

46
41
40

T
9
8
6

:
42
41
1
40
3
43
10

56
45

z
43
44

66
51
52
53
54

(+rou~3T2R (0,060U+0 -O.OOIMolearanoe~

1900 362,000
1500 836,500
1000 1,740,000

f3r0uvm 2R (0.0U2”olearanoe)

4200

3800
3400
2700
2100
2100

1600
1400
1200
1000
moo
900

3,800
49,000
53,700
3s,000
44,700
227,100
226,600
472,lM
302,700

l,214,00@
2,4S6,100
3,049,200

>8,430,700
I

Group lUR (O.OIOUolearanoe)

3000
2000
1750
1.260

9W
600

86,900
332,300
4’72,000
963,700

1,713,400
‘?,6s5,900

Group1L2R (tighiifib in a laa,eehole~

2600 148,300
200Q 512,500
1300 980,500
low S,226,200
860 2,757,800

Graup 1Q2R (0.060”‘alearanae~

6 2600 155,400
3 1600 482,600
7 1200 2,263,200
1 1000 1,316,500
4 850 >8*168,000

.

B
B
B

A

B

B

A
A
B
B
B
B

A
B
B
B
B

B
B
A

* A indioatesfatigueoraokthroughbolt hale.
B iniioatesfatigueoraokat edgeof hole.
See Figure 8.

,
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TAB~ 27. FATIGUE-TEST RESULU% 311RTHEES-BOI.rl
INOiiSNEETWITH BOLTS TRJUISVIRSETO LOAD.

(BATTELLE)

(R = -0.50)

*
GroupID 0.002”cleerance

1 4000

6 3200

2 2800

5 2600

51

SPECIWS 03’0.102-
RZVERSEDLOADING

Cycles to

Failure

221,6m

729,200

2,161,300

2,155,700

Po6ition o
Failure*

B

B

B

B

* A i.ndicateefatiguecrack,throughbolt hole. B indicatesfatigue
crackat edge of hole. See Figareg

7LKS~ 2a. 3’ATIGWMTEST BESULTS FOR SIIIGLE-BO~ SPECIMJIN’SOF 0.102-
INWS=3T. mhrmsm LWDING. (mVEIWTY OF wINOIS)

(E= -0.50)”

1- 1 I

Specimen Actual
Xo.

~“ ~ib%??
?ight bolt fit. (clearance 0,0001!

92
99
:3

gg
100

-0.4s
-0.51
-o. 2

2-0. 9
-0.51
-0.5Q
-o. 2

z-o. 9
-0.51
-0.56
-0.50

1590
1610
1380
1130
920
two

z
10

1 10
1220
1020
ggo

kill fit (clearance 0.002U)

gg
94
95
96
97

-Q.% 1520
-0.47 16s0
-0.47 1170
-0.48 970
-0.46 #!o

~oose boli fit (clearance O.OIOn)

k_k_P-

Corrected**

1570“
1620
1400
1120
9
g$

1%
1230
1050
S%o

1510
16&I
115.0
960
g20

9CCI

7
Oyclee to
E’ailure

a7,
N’189, 0

%:2:
326,200
go2,900

1,s71,600

),

319,2c0Specimens
579,900 machined at
352,800 attelle,

1,961,w0testedat
RRib%

8g,4-cH)
120,900
336,6Q0
560,500

1,229,200

214,700

* Nominalratio is -0.50,Ra Is the actual test ratio.

** WXim 10EA corrected (see Appendix 11) to correspond ~0 the nominal
load ratio R=-O.50. —
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.

TABLE 29. FATIGTJETEST RESUL!llSl?ORTWO-BOLT SPECIMENS OF O.1O2-INCH
SHEZ?I’WITH BOLTS IN LINX OF LOAD, REVERSXD MADING.

(UNIVERSITYOF ILLINOIS)

(R= -0.50)*

*
peciman Ac ttlal Corrected** ~cles to

no. k“
‘mfL%’~f ~b~~)d

Failure

W% bolt fit. (clearance 0.000” to -0.001”)

106 -0.b7 1710 16go
log -0.51 1400 1410
110 -0.46 1350 1320
107 -0.51 1170 llf30
log -0.55 1030 1060

rill fiti-”(clearance 0.002”)
I

119 -0.52 lWO M60
122 -0,4g 1630 1610
120 -O** 1330 1360
121 -0.47 1120 1100
123 -0.46 930 910

oose bolt fit. (clearance0.010”) I

nl -0.53 14s0 1500
112 -0.k? 1350 1340
11
2

-o.2
?

.1120 1130
11 , -o.7 900 ggo

256,600
3g3,600
&lo:g

1,367,900

154,100
220,700
40+0,g:

1,134:000

14g,500
306,700
gg3,300

l,sgo,700

* The nominal ratio is -0.50, ~ is the actual load ratio.

** Maximum load corrected (see Appendix 11) to correspond to the nominal
load ratio R= -0.50.

.

.

—.
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!lMaLE30. FATIGUE TEST RESULTS FOR SINGI&BOLT SPBOIMBNS OF 0.125-INCH
sHEm. REVERSEDLOADING.

. /7? Asun?!..*\
(DJix’’uk!j

(R= -0.50)

~ecimen Maximum Cycles to Poeition of
No. ~ Load (Lbs.) Failure Failure*

a?ouu2TlR (O.OOO!lto -0.001” clearance)

47 4000 3,goo A
45 360a 19,700 A
41 3000 31,600 B

2500
$

95*100 B
2000

42
B

1400 ;?;:f:
b

B

4?
1200 go *COO

$
“B

1000 l,5g*300 B
!350

$
1,565,900 B’

&JO . 2,630,900 B

,rouu2DlR (0,002!!clearance)

3 2600 A
1 1500 3%% B

1100 l,o~,mo B
; 960 1,S42,600 B

g60 2,2640000 B
9 800 4,0g6,cQ0 B

10 goo 2,400,coo 3
k

* A indicates fatigue crack throqgh bolt hole; B indicates fatigue
crack at edge of hole. See Figure g.

TABLE 31. I?ATIGUETEST BXSULTS FOR SINGL&tiIll SPECIMENS OY 0.156-INOH
Smm . BEVZRSEDLOUING (BATTELLE)

(R = -0,50)

Specimen Maximum Oj-clesto Poeition of
No. load (Lbs,) $atlure Failure*

chow ~DIE (0.002H clearance)

6 2200 231,903 ‘A

g 130+3 2,657,400 B

● A indicates fatigue craok throughbolt hole;B indicatee fatigue crack
at edge of bolt hole. See ~i~e g.

53
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.

TABLE 32. I?ATIGUETEST RESULTS FOR SIITGIJ!PBOLTSPECIMENS OF 0.1Z37-IIWH
SHEET . REVERSEilLOADING. (mTT=LE)

(R = -0.50)

1

pecimen Maximum Cycles to Position of -
No. Load (Lbs.) Failure Failure*

roum 4TIR (0.000” to -0.001” clearance)

47 5000 2,600 B

$
3600 43,40i) A
3600 43,600 A

4?
3200 52,600 B
2goo 92,700 B
2400

4: .
148,700 B

2200 2&j,00
i

B
lgoo

2
589,00 “ B

..

1500
4

A
1300 :,$:1 B

3 1100 A
42 1100 3:oW,600 B

1000 g,~23,km B
4; 1000 2,243,~
43

B
900 >g,sll,ooo

roup 4DIR (0.002R clearance)

4 1300 l,b4g,200 B
6 1300 l,65&600 B
3 1000 6,2~8,600
5 1000 z,65g,600 B

roup 4L1R (0.010” clearance)

1 2000 357*OOQ “ A
2 1400 B
5 1000 4,%% B

* A indicates fati~e crack through bolt hole; B indicates fatigue

craok at edge of hole. Sew Tigure g.

.

.

b

.
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TABLE 33. FATIGUE TEST RESULTS FOR TVO-BOLT
S- WITH BOLTS IN LINE OF IJMD.

(mTTELm)

(R= -o.5Q)

Specimen Mexf.Qnun
No. Load (Lbs.)

Groum 4D2R (0.002U clearance)

5 b~
3 3600
1 2goo

2000
: 1500

1250

f3row 4Q2E (0.050” clearance)

6 4000
3 3000

2000
t 1500
5 1200

SPECIMENS OF 0.lg7-II?CH
REvERSRD LOADING.

Oyclee to
Failure

:;: ;:
12 ,600
4?3 ,300

1,134,800
l,a30,200

19,700
125,6CCJ
366,100
g66,mo

2,27s,s00

Poeition of
Failure*

A
A
A
B
B
B

B
B
B
B
B

* A indicates fatigue crack through bolt hole; B indicates fatigue
crack at edge of-hole. See Figuze S.

TABLE 34. ?YATIGU33TEST BESULI’SFOR SINGLE-BOLT SPBCIMENS OF 0.250-
INCH SHEET. ~LOAO~G. (BATTELLE)

(R= -0.50)

?cimen Ma&um Oycles to
Ho. Load (Lb.’) Failure

m-p 5TIR (O.OCOn to -0.001” clearence)

s k200

2 2000

9 1300
LO 1000

mm 5DlR (0.002” clearance~

6 42oo
4 3600

2
2700
2000

5 1500
1 1000

14,500
90,600
477,400

?
I, 73,@0

> 10, 19,700

18,izoo
4-X,000
222,500
673,900

1,195,000
> 10,M5,4OO

Position of
Failure*

B
B

A

A
A
A
B
B

* A Ln&lcates fatigue crack through bolt hole. B indicates fatigue
crack at edge of hole. Sbe3’igure 8.

.. —
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TABLE35. FATIGUETRSTlUSULTSFORTWO-HILTWECIMENSOF O● 375-INCHSHEET
WITHBOLTSINLINEOF LOAD. mvmw LOADING.(UNIVERSITYOF ILLINOIS) .

(R= -0.50)

Specimen Maximum Cycles to
No ● Load (LIJs.) Pailure

Group Bca (Bolt clearance = O.OOO1’}
1 4,910 90,900 “
2

2
7, 40 10,200

i
q, 30 51,000

3*9go 212,200

z
3,520

?
S,1OO

2,gg0 2 5,500

; 3,230 372,200
6,990 1s,200

10 3,210 527,100
11 6,010 54 ,goo
12 6,010 30,900

TAEIJZ36. FATIGUX TEST RESULTS FOR T--BOLT SPIICIMENS 01’0.375-INH
SHEXTWITHBQLTSIN LINI!OF LOAD.REVERSXDLOADING(UNIV.01’ILLINOIS)

(R = -0.50)

Specimen Maximum Cycles to
Do, Loed (Lb6.) l’ailure

“oU-pcm (Bolt clearance = 0.000”)

; 2:% z
9s3~
1,200

?
7,930 20,100
9,810 6,500

~ g,900 22,900

?
,170 11,400

7 ,000 163,300
U,sgo

;
105,900

3,190 gg7,soo
10 3,400 206,100

I I I

.

.

‘i

.
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mBLE 37. FATIGU3tTFJSTBJ2SULTSFOR SIX-BOLT SP2CIMZ.NSOF 0.375-INCH SHEET
WITH TWO ROWS OF T=BOLTS EACH. REVER~ LO~IIiG. (UNIV. 03’ILLINOIS)

(R = -0.50)

t
Specimen C&cles to

Ho. Load (LliB.) I’ailure

Group Dca (Bolt clearance = O.OCK)+

1 12,030 73,400
2 10,010 385,700

2
10,970 lm ,600
I.2,91O 73,000

5
6

1,90
Z?C ?

9,100
1 ,8 9,600

7“ 17,920 24,000
19,960 2s,300

: 2L,69o 12,100
10 9,590 144,100
11 g,ggo 287,goo
12 g,010 2g7,UCo

!M3m yl. FATIGUE.TIIWI!BESULTS FOR NINZ-BOLT SPECIMENS OF 0.375-INCH SHEET
WITH THBEE ROWS 03’THREE BOLTS EACH. REVERS~ LOADING. (UNIVERSITYOF ILLINOIS)

(3= -0.50)

Specimen Maxintum Cycles to
Ho● Load. (Lbs. ) Failure

Group Eca (Bolt clearance = O.OOOn)

1 13,880 97,100
2

z

16,990 156,200
32,300

% ::g
5

15,goo
28,310 6,100

6 15,850 77,700
7 11,000 213,400
g 10,060 795,200

Groum Ecd (Bolt olearmce = +0.025”)

1 20,240
2
3 ,700

2 25,060 1 ,mo

z
29,ogc 6,100
22,050 40,600
15,870

2 13,030 Jg:?:
7 11,180 t37 ,200
g 12,940 272,500
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TABLE39. FATIGUE TEST RESULTS FOR 03UNl?KSSUNKSINGL&BOLT S2’ECIMENS-.
OF o.156-IImSKEET. (BATTWE)

(E= +0.3)

F

Grc—

COK—

Ccr:—

pecimen liaxhum Oyclee to Position of
No. Load (Lbs. ) 3%i lure Failure*

Dull 7DHT (0.002” olearanoe)

untereunk 1/2 waF through sheet

{

3600 378P A
2000 267,000 A

5 1200 2,219,500
6

B
1100 5,2s6,00a B

=tersunk all the way thro~h top sheet

9 3600 5,50+3 A
7 2000

i
1 ,200 A

11 1200 12 ,200 A
12 1000 1,062,703 A

* A indicates fatigue crack through bolt hole. B indicates
fatigue craok at-edge of bolt hole. See Figure $.

!WILE 40. RESULTS OF F’ATIGKETESTS OX?B?)LTED-JOINTSPECIMEWS OF O.1O2-INCH
SIUiEl?A.NDWITH HIGH VALUES OFBO~ TORQUE. REVERSED LOADING (BATTBLLE)

(R = -0.50)

Specimen
Eo .

50

48

42

47

41

43

40

Bolt !Corque
(Inoh-Lbs.)

lgg

log

lgg

10s

log

log

MBximum
LOad (Lbs.)

3200

2600

2000

2000

1500

12CKl

moo

.
—

Cycles to
Failure

H3,4CXI

33,300

> g,ml

g4,000

160,400

311,aoo
●

mo ,000

.
.-
.——



NACA TN NO. 1030 59

‘I!ABE341. FATIGUETESTRESULTSFOR SPEC~MS OF 0.125-IXOHSIEETWSTH EQDTS
OF l/4*Am 15/32flDIAMIZEBS. UNIDIBX(ITIONALLOAiUl?G. (BAT5Ju)

.

Specimen M&imum Oyclee to
Iio. Load (Lbe.) Failure

.

Group X2111U(0.010”clearmce - 1/4” bolte~

4$5
45,500

2600 72,700
2000 22Ei ,700
1500 qj,ooo
1100 1,L 1,300

Grouu XZI!lU(O.OOOW to-O.OO1n cleatance - l/4U bolts~

~ y300
2s00 Z4: %
2000 225,400

i 1500 640,000
5 llCO 3,270,000

GroupY2TlU (O.OOO=to -0.001”clearance- 15/32K bolts)

200
t ?ooo

1s,500
50,300

1 2800 197,00
2 2000 L3g4, o

1500 1,569,hocJ
~ 1250 2,50 ,300

1100 23,33 ,m

Position ofl
l?eilure* ~

A
.A
B
B
B
B

B
B
B
B
B

A
B
B
A
A
B
B

* A indidatee fatigue crack through bolt hole. B Indicates fatigue crack
at edge of bolt hole. See Figare g.

TABLE 42. VARIATION OF FM!IGUZ STRENGTH AJIDRUL!IO03’BOUI DIAMETER TO
SEREI TEI-SS

[

m

t

l!’ati~eStrezy@ (Lbs.) of
Sheet Bolt Single-bolt Specimen at

hicknees(t) Diameter
(Inch)

R = +0.25
(Inch) D/t 104cycles 109cyclee 10bcyclej

o.1o2

0.I.25

0.K5

o. 1s7

o.125

yi3 3.66

7/16 3.50

3/13 3.00

3/8 2.00

lfb 2.00

I

4200 2300

5550 330Q

%50 =00

6obo 3700

4ZO0 2700

1

1150

1600

1350

lglo

1220

.—

.—



60 NACA TN NO. 1030 .

.

!C!KBLE 43. I?ATIGUX T3X3TRESULTS 3’ORTWO-BOLT SPXCIMENS OF O.1O2-INCHISHIET
WITH BOL!I!SHAVING DIFIZERENTFITS. (BATT3LLE)

(R.= +0.25)

t 1

Specimen Maximum Oycles to Position of
No. Load (Zbs.), Failure Yailure*

I

Group MIJ?U (one bolt, 0.000 to O.OO1n clearance~
other bolt, O.OIOR clearance

2? 6000 27,900 A
4000 83,500 3

i
2t300 267,400 A
1500 947,000 A

b
* A indicates fatigue crack through bolt hole. B indicat~ fatigue crack

at edge of hole. See Figure 8.

.

TABLE ~. FATIGUIZTEST RBSULTS FOR TH.REX-I?OLl?SPZCIMI!NSOF O.1O2-INCH SHEET
WITH BOLTS HAVING DIl?FEI@NTFITS. (UNIVERSITYOF ILLINOIS)

(R ~ *.25)*

Specimen Actual Corrected Cycles to
Ho. Ra* ‘

yid:p
Max. Load** I?ailure

(Lbs.)

151 +0.26 3060 3020 104,200
153 +0.27 2650 2600 U39,100
155 w. 125 24 0

?0

27 0
?.0

630,500
lsg +0.25 20 20 2,254,000

.
I

* Nominal ratio is +0.25, Ra is the actual test ratio.

** Maximum load corrected [see Appendix 11) to correspond to the nominal
load rat3ioR = +0.25.

,

.

.
.=-...
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.

TABLE45. UNIDIR2!CTIORALFATIGUETESTRESULTS

.

.

● ✌

✎

hnotched sheet

,

beet notched by
bolt hole

beet notched by
bolt hole with
~tight!f fitting

boIt

I
beet notohed by
olt hole with
looseR fitting
olt

—

I

(R s w.25)

Msxi
Lbs.

65h
5120
3f330
3050
2772
2772
2560

5500
3475
3410
2720
23~Q
2316
22ao
2050
1901
1724

52M
2gg6

3999
2gg2

jam
2427

2995

m Load
p.s.i.

6h,000
50,000
jg,ooo
30,000
27,000
27,000
25,000

36,000
30,000
30,000
24,000
20,000
20,000
20,000
18,000
16,500
15,000

45,000
?5,000

35,000
26,000

33,~o
21,000

26,000

61

ON O.1O2-INCH S= MATERIAL

Cycles to
Failure

34,700
gg ,500

276,000
902,100 )

>5,335.2W
+ 1,704,900
~16,555,500

12,900
63,400

53 #PO
100,500
269,goo
266,500
174,700
235,400
319,300

6,751,500

133,900
~Q,203,6w

25,000
L12 ,900

306,500
1,121,000

73,500

Remarks

.

Removed but
later reloaded
Did not fail ‘

Bolts drawn to
10g-iqch pound

Bolt not
tightened

Bolts drawn to
108-inch pound

Bolt not
tightened

.
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63 NACA TN No. 1030 -
TABLE~. UNIDIRECTIONALI?ATIGUETESTRISUZl?SFORO.1O2-INCHSHEET

Specimen
No.

01
02

:;
04

.

011
09
019
OM

08
06
012
010
o~

(UNIVERSITYOF ILLINOIS)

(R s +0.25)*

I Actual I Correct cd**
Ra* Ma~L~.~ Max. Load

(Lbs.)

+3.2&
+0.2ti
+0.23
w.25
+0.25

+0.63
-#.5g
w.6
+0.6i

2--0-5
-0=5
-0.50
-o.

T-o.7

5950
4750
3770
3g80
3460

(R = +0.67)*

10,500
9,700

::;;

(R = -0$0)

6,000

?
,020

3::%
3,04U

6010
41300
@Kl
39Z0
3460

11,200
11; 100
8,600
7,100

6,160
4,910
4,050
3,060
3,000

Cycles to

Failure

202,000
455,300
ggo,600

1,2g2,600
3,440,500fr?ture

112jgOO

;:;:&:
2,031,400

.

31,900
119,200
200,600
339,@o

1,256,300

====4 . ... ..

(R= +0.25)*

.

.

* !lhenominal ratio is +0.2s. Ra is the actual test ratio.

** Maximum load corrected (see Appendix 11) to correspond to the
nominal load ratio R = +43.25.

TABLll47. UNIDIRECTIONAL J?ATIGUETZST RESULTS FOR O.1O2-INCH SHZET.
SPDCI~NS 1.5-INCHES WIDE WITH-3/8-INCR-D. HOIJ3. (mImITY

OF ILLINOIS)

‘pew”
Oog
001
006
007

Ra*

+0.25
+0.25
+0.2
+0.22

W.P’yd

292(i
2520
2110
1760

-1fp:ep$”

(Lbs.
2920
2520

to4w?
gpee

z1 ,300
M ,900

2?10

I

277;200
1740 1,114,600I

.-

1 1 I I I
* The norniual ratio is +0.25. Ra iS the actuel test ratio,

J

** Maximum
*
oad cor ected (Se appendix 11) to correspond to the

nominal ioad.rat o R = +0.55.
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TABLEhg. UNIDIRECTIONAL I?NTIGUBTPISTRESULTS
SPEOIM!NS LOADEO TEEOUGH PIN BEARINGS.

(E s +a.25)

FOR O.102-INCH SBIKl!.

I Specimen

I

Ma%munl

I

Cycles to
No. LOSd (Lbs.) Failure

specimensloeded through a single 31g“ pin
26A
29B I 2500

~lR30L 20Clo
IDmyu 1500

27A 100Q
30A Soo
29A 600

;necimens1oadedthr~ h two 3/g”pins
3@ 3goo

2
v 3000

2goo
;: 2000

1500
37A K.oo

10,400
3 ,100

z5 ,300
lzl, goo
374,500
571,300

>3,499390

2+,MO
41,300
103,500
341,600

1,077,600
2,900,000

I II .

TABEE 49. LOAM SUWORTKD BY STATIC ~OTION OF LAP JOIHTS

Type of
Spscimen

Single-Bolt

.

Two bolts in line
with ~OSd

Sheet
G.ege
(Inch)

0.102

0 ● 102

0. M7

0.U37

0.1$37

0.1o2

O.lq’

o. 1s7

o. laT

Bolt

(In%%&s)

log

lgo

108

198

300

10s

108

lgs

300

Frictional
Load.(~bS. )*

580

m

5s0

*I

1190

790

m

1460

1840

* The frictional loads recorded are tensile
loads at which bolt clip (in a slightly
elongated bolt hole) was first apparent.
The valuee were reproducible, for a given
specimen or for two eirnilarspecimens, to
about 3.0 per cent.

63
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TABLE 50. EL41NGJ4!TIONSOF BOLTHOLESIlt SINGLE-BOLTTEST TIECES.
(BATTELI@

,

Maximum

Bolt Specimen Load ,
I’i.t Number Pounds”

Ynidirectiond Testing (R = 4.0.25)

“Tight “ (-O .000~” 27
tolerance) 6

2
26
28
2
29

‘Drilln(+0.002fl _
tolerance)

‘Loosen(+O.OIOW
tolerance) 5

I :
Reversed Loading (R = -0.~)

‘i!right”(-0.000b” 22

tolerance)

14
g

“I)rillff(+0.002fl
tolerance]

>

4,500
4,200
3,000
2,200
2*200
2,100
1,300

3,600

4,500
4,000
2,500

3,500
2,600
1,900

3,000
1,500
1,200
.1,000

Cycles
to

Xai Iur e

3,400
16,~00
30,500
75,800
138,200
1.22,000

1,233,100

-

10,600
13,100
79*500

.

>4,000
24,100
56,300

{
> ,100
9 ,500
—

599,900

Final
ElongeAionj

Irich*

0.026
0.011
0.003
0.003
0.002
0.000
0,001

0.009

p)

0:003

>0.007
0.003
0.002

>0.037
0.011
0.001
0.000+

.

* Increase in longitudinal direction of

diameter of bolt hole - measured after
failure on bolt hole of untracked half .
of test piece.



NAGA TN No. 1030 T- 51. DEFLECSIOI? 03’ JOINTDURINGTESTING 65
(BAT-}

1

Measured I

Time of
Elongation of

Deflection, Bolt Kole. Inch
Measurement I-(l) Computed(2) Measuredt“51

Specimen 34. UnidirectionalLoadinE(4)

1st Cycle Min. LOad 0.0070 0.002
Max. Load 0.0302

10th Cycle Min. Load 0.C20
z

0.008
Mex. Load 0.030

lCOOthCycle Min. Loed 0.0226 0.009
k. Loed 0.0293

62.300~cles (Failure) 0.0086

pecimen47. ReversedLoading(5)

let Cycle Min. Load o.ooy3 o.Ca2
Mex. Load 0.0072

1000thCycle Min. IIoed 0.0016 0.001
Max. Load 0.0057

Aft r 1.6 x
8

Mb. Loed 0.00M 0.001
IO Cycles Msx. Load 0.0056
461,40~Cycles (Failure) 0.0005

(1) Measuredslip of thejoin~ starting from a “zeroU
under mild compressive load.

(2) Comp_utedasmm-halfdeflectionrnlnus bolt
tolerance(0.002inch).

(3) Measured after failure onuncrackedhdf
of specimen.

(4) Specimen 34: Single-bolt teet piece, ‘drill!’fit,
loaded at 3600pounds max. at R = KI.25.

(5) Speotien 47: Single-bolt test piece, ‘drill’!fit,
loaded at 1200 pounds mex. at R . -0.50.

TA3~ 52. SPECIMENS REMOVED IxE TO EiXCESSIVX
VIBRATION OF TEsTINGM.LCHINE*

(Single-BoltSpecimene of 0.102-Inch Sheet, at R=-0~50)

I , I

Maximum Load, Number of Cycles at
Bolt Fit Poun@3 Which S~ecimen WatiRemoved

1’!!ightn 3500 3300

ll~illl! 3c00 3100

‘Loose” 1000 “5000

I

* Recorded at Battelle for one particular teeting machine.

.—

-.— —

—
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—
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.

TAEILE 53. EITECT ON FATIGUE STEENGTHS 0??INCB3!ASINGTHE NUMBER OF
BOLTS IN TH3!!DIREOTION Or LOADING

Static [ Maximum LOtiEI** (Lbs,/Bolt)

0.102
Bat tellc (A 1

B 2
0 , 3

{
A 1
B 2

2300
1900
1530
.2050
1275

lMO
&jo
600
1050
650

5200
3mo
2330
(5200)
(3goo)

4400
3200
2330

5000
30CX2

6000
4100

77Q0
050
2670

!
500
670

I

Tests
Illinoi6
Tests .

.

● ✎

✎

�

1320
a30

Moo
1250

A
c ;

6200
3200

2goo
1$330

Q4z

0,375

A 1
B 2

t3500
7200

3750
2530

2400
1600

A ‘1
B 2
c
m 6 (23rows)
3’ 9 (3 rows)

400C
2500
2170
2glo
222@

1200
lqo
1470

for Various Lifetimes at.R =“-0.5
Maximum Load (Lb8:/Bolt)1

B. Reversed Loading

5200
3goo

3700 2000
1500

0 ● 102

[

A 1
Battelle B 2
Tests
Illinois

e

1
Tests B 2

gao
630

&jo
550

1450
750

1450
1070
1250
1000

[15200) 1700
3800) 1000

@joo
7200

O*M7 A 1
B 2

m ; 2

3 6 (23rows)
r 9 (2rows)

4800 3000
15s0

4000
3070
4000 ‘
3000

2400
1500
1910
la30

i 1
1

* See Figure 1 for details of various specimen types.
** Values read from solid line curves in load-life diagrams.
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TABLZ% FATIGUE S!MC3NGTHS
OF SPEOIMENS WITH

6?

OF SINGL%BOLT SPECIMENS AND
A ROW OF 3 BOLTS

Test
Ocndition

Statio

E = +0.25,
lo5(~c~es

B = -0.50,
10~cycles

Static

R= w.25,
106cycles

Rs +0.25C
105cyale8

Ilitto .

R = -0.50,
105cycles

Ditto

I

Sheet

Gage

(Inch) t- Typel

T
A

A

0.1s7 A

0.375

A

B

c

)ecime?
No. I

Bolts‘

1

1

1

1

1

2

3

2

3

&
(Lbs.)

5200

2300

tvjoo

1s00

6500

Moo

I

Typel

c

c

c

c

c

E

1’

E

1!

3

3

3

3

3

6

9

6

9

12Load Hatio
(Lbs.) Strengths

15,700 3.0

6,500 2.8

5,000 2.5

25,Mo 3.0

5,600 3*3

17,500 3.5

20,000 3.1

11,500 2.4

16,500 3.6

1. Deta%ls of specimen types are given In Pigure 1.

2. Load values for fatigue teate are r=d from solid-
line curves in preceding load-life diagrams.
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Figure 2. Typical static failure of.
single-bolt test pieces. (Battelle)
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Figure 3. Typicel static failoresof
mltihlt teatpieces.
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900
I I I I Ill I I I I u.

De ~.oe ~3
5.103
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—-il.= MIN. LOAO/ MAX, LOADZ +0.25—
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136LT PATTERN

{SEE F16. I )

- (A) SINGLE BOLT

(C) THREE BOLTS IN

LINE WITH LOAO

-D-a

A

x

b

xx

I 5.1o4 106 s.lo~ 106 5.10=
CYCLES TO FAILURE

FIGURE 4- FATIGUE CURVES, UNIDIRECTIONAL LOADING, SPECIMENS OF 0.102” SHEET. (BATTELLE)
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I
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W] SINOLE ❑ (?I
#m TWA on, 7.s

. ,—
- ‘.T

101 IWW DWIJ IN
LINE OF LOAO

(D) THREE BOLTS

TRANSVERSE 1

LOAD

lo? s-d 103 5-10’ 10’ 5.10’ Id 5-105 106
CYGLES TO FAILURE

2E!4-
5-ID6 107

FIGURE 5- FATIGUE WRVES, UNIDIRECTIONAL LOADING, SPECIMENS OF 0.102” SHEET. ( BATTELLE)
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FIGURE 6- FATIGUE CURVES, UNIDIRECTIONAL LOADING, SINGLE-BOLT SPECIMENS OF 0.102” -

SHEET. (UNIV. OF ILLINOIS) G.
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A (SEE FIG 1)
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